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PREFACE. 



To givu at once a, clear explanation of the design and in- 
tended ctaracter of tliis work, it is important to state that its 
author, in early life, imbibed quite a passion for astronomy, 
and, of course, he naturally sought the aid of books; but, in 
this field of research, he was really astonished to find how 
little substantial aid lie could procure from that source, ami 
not even to this daj have bis desires been gratified. 

Then, as now, books of great worth and high merit were to 
oe found, but they did not meet the wants of a learner ; the 
Huhstantially good were too voluminous and mathematically 
abstruse to be much used by the humble pupil, and the less 
mathematical were too supei^cial and trifiing to give satis- 
faction to the real aspirant after astronomical knowledge. 

Of the less mathematical and more elaborate works on as- 
tronomy there are two classes — the pure and valuable, like 
the writings of Biot and Herschel; but, escolle t tl 
are, they are not adapted to the purposes of instru t d 

every effort to make class books of them has s h t t Uy 
failed. From the other class, which consists of y d 

popular lectures, little substantial knowledge can b th d, 
for they do not teach astronomy ; as a general thing th y I 
glorify it; they may excite our wonder concorni g th m 
mensity or grandeur of the heavens, but they give us no ad- 
ditional power to investigate the science. 

Another class of more brief and valuable productions were, 
»ni are always to be found, in which most of the important 
facts are recorded; such as the distances, magnitudes, and mo- 
tions of the heavenly bodies; but how these facts became 
known is rarely explained : this is what the true searcher after 
Bcienco will always demand, and this book is designed ex- 
pressly to meet that demand. 

In the first part of the book we suppose the reader entirely 
unacquainted with the subject; but we suppose him compe- 
tent to the task — to be, at least, sixteen years of age — to have 
& good knowledge of proportion, some knowledge of algebra, 
geometry, and trigonometry — and then, and not until then. 
can the study be pursued with any degree of success worth 
mentioning. Such a person, and with such acquirements as 
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' we have here deBiguate^ we believe, can take tbiB buuk and 
leara astronomy in comparatively a short time; for the chief 
design of the work is, to teach whoever desires to ieain; and 
it matters not where the learner may be, in a college, 
academy, school, or a solitary student at home, and alone in 
the pursuit. 

The book is designed for two classes of students — tlie well 
prepared in the mathematics, and the less prepared; the for-' 
mer are expected to read the test notes, the Jatter should 
omit thera. With the text notes, we conceive it, or rathei 
designed it to he, a very suitable book to give sound elemen- 
tary instruction in astronomy; but we do not offer the work 
as complete on practical astronomy ; for whoever becomes a 
practical astronomer will, of course, seek the aid of complete 
and elaborate sets of tables, such as would be improper to 
insert in a school book. 

We have inserted tables only for the purpose of carrying 
out a sound theoretical plan of instruction, and, therefore, we 
have given as few as possible, and those few in a very con- 
tracted form. The epochs for the sun and moon may be es 
tended forward Or backward, to any estent, by any one who 
understands the theory. 

The chapters on comets, variable stars, &c., are compila- 
tions, and are printed in smaller type; and the works to 
which we are most indebted, are Herschel's Astronomy and 
the fJambridge Astronomy, originally the work of M. Biot. 

Other parts of the work, we believe, will be admitted as 
mainly original, by all who take pains to examine it. 

The chief merits claimed for this book are, brevity, clear- 
ness of illustration, anticipating the difficulties of the pupil, 
and removing them, and bringing out all the essentia] points 
of the science. 

Some originality is claimed, also, in several of our illustra- 
lions, particularly that of showing the rationale of tides rising 
on the opposite sides of the earth from the moon ; and in the 
general treatment of ecHpses; but it is for others to deter- 
mine how much merit should be awarded for such originali- 
ties ; wo have, however, used greater conciseness and per- 
spicuity in general computations than is to be found in most 
of the books on this subject; and this last remark will apply 
to the whole work. 
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PREFACE TO THE REVISED EDITION, 

TuE author and publisher of this volume have the satisfaction of ( 
tnowing, tliat all teachere, who are rtally qualified to teach Astron- " 
omj, and who have esamined this book, hold it in the highest estim. 
atiou ■ aud they only regret that so few pupilii are prepared to profit 
by it. 

This being more complimentary than discouraging, we resolved to 
make the boot as useful as possible, in the hope that it will aid in 
imparting essential knowledge of Astronomy to manj of the youths 
of the United Stales. 

With this object in view we have increased the present edition by 
fifty pages of very practical and important mailer. 

In the former editions we were careful not to give more than eould 
be received, and the subject of solar eclipses was not eshausted. 

In the Kniitical Almanacs, a nide map generally represents the parts 
of the earth over which thn solar eclipses will be visible, and curved 
lines and loops mark thf places where the eclipse will commence at 
sunrise, and end with sunset, 4c., Jic.and the student may naturally 
ask, how these lines are determined ? 

In this ToluTue we have attempted to give the key to Ihe whole 
solution, and we shull feel disappointed if our efforts are pronounced 

Professor J. R. McFarland, of Osford, Ohio, a aealous lover of 
science, requested us to add rules for computing the time-s r.f rising 
and setting of the moon and stars ; and also to eiplain the Argu- 
ments for the twenty small equations of the moon'a longitude. We 
cheerfully complied with his requesta.hopingthatthose additions will 
^ as welcome iG others,as to him. 

EuiiuDOB, N T., July, 185T. T 
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ASTRONOMY. 



INTRODUCTION. 

AaiBONOMY is tbe science whicli treatB of the ! 
todies, deseribea tbeir appearances, dutermines their magni- *•*■"'- 
tudes, and diacovers the laws which govern their motiona. 

When we merely state facts and deaiiribe appearances aa tiw iiiyi- 
they exist in the heavens, we call it Descriptive Astronomy. ''"'" '' "' 
When we compute magnitudes, determine distances, record 
observations, and make any computations whatever, we caD 
it Praelkcd Astronomy, 

The investigation of the laws which govern the celestial 
motions, and the explanation of the causes which bring about 
the known results, is called Physical Astronomy. 

When the mariner makes use of the indes of the heavens, KuhIosI 
to determine his position on the earth, such observations, and 
their corresponding computations, are called NauHad Aatro- 

By nautical astronomy we determine positions on the G«ogi»phj 
earth, and subsequently, the magnitude of the earth ; and "''„j-J^'"' 
thus, we perceive, that Geography and Astronomy must he 
linked together; and no one can fully understaud the former 
science, without the aid of the latter. 

Astronomy is the moat ancient of all the sciences, for, in The mii- 
the earliest age, the people could not have avoided observing J',^^^,, ** 
the sueeessiyo returns of day ■ind night and summer and 
winter They c uld n t fad t p e e that short days eor- 
resp nd d t w nte and In d ys t s mm r ; and it was 
thu p bably tl at t! e attent ons of men we e first drawJi 
to the at dy i ast n n y 
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ASTRONOMY. 

°°°fp - in tbis work, we sliaD not take fai^ta unless thej are within 

^iisiana tlie sphere of our own observations. We shall not perempto- 

lalaM. j.Qy ^^^^^ ^^^^ ^j^g g^ji jg yg^i^ ^jjgg -^ diameter; that the 

moon is about 240,000 miles from the earth, and the sun 

95,000,000 of miles ; for such faets, alone, and of themselves, do 

not constitute knowledge, though often mistaken for knowledge. 

We shall direct the mind of the reader step by step through 

the observat ons and through the nve-t gations so tlatle 

can decide t r Y mself that tl e earth must be of sa h a n a^ 

n tude a d la thus far tr n the other heavenly bo 1 and 

that w 11 be knowledge f tl e n st essent al k nd 

le ooB \1] QBtr non col knowledge 1 s f uadat on n ol erva 

"j,„ °j t on and tl e fir t obje t f th s b ok si all he to po t t 

'•d(> what observat ons mu t be taken ind what deduct ons must 

be therefrom b t the great book wh h tl e p p 1 n at 

study, if he would mei.t with success, is the one which spreads 

out its pages on the blue areh above ; and he must place but 

secondary dependence on any honk that is merely the work 

of human art. 

As we disapprove of the practice of throwing to the reader 
astounding astronomical facts, whether he can digest them or 
not, and as we are to take the inductive method, and to lead 
the student by the hand, we must commence on the supposi* 
tion that the reader is entirely unacquainted even with the 
common astronomical fact.'t, and now for the first time seriously 
brings his mind to tin study of the subject; hnt we shall 
suppose some maturity of mind, and some preparation, by the 
acquisition of at least respectable mathematical knowledge. 
'"""■ Every science has its technicalities and convpntional terms ; 
deHoi- "■'*' astronomy is by no means an exception to the general 
m!e ; and as it will prepare the way for a clearer understand- 
ing of our subject, we miw give a short list of some of tht 
technical terms, which must be used in our composition. 

Horizon. — Every person, wherever he maybe, conceives 
himself to be in the center of a circle ; and the circumference 
of that circle is where the earth and sky apparently meet 
That circle is called the horizm. 
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INTRODUCTION. 13 

Altitude. — The perpendicular hight from the horizon, immoi.ue. 
meflsured by degrees of a circle. 

Meridian. — An imaginary line, north and south from any 
point or place, whether it is conceived to run along the earth 
or through the heavens. If the meridian ia conceived to 
ilivide both the earth and the heavens, it is then considered 
as a plane, and is spoken of as the 'plane of the meridian. 

Poles. — The points where all meridians come together : 
poles of the earth — the estremities of the earth's axis. 

Zenith. — The zenith of any place, is the point directly Poiei of 
overhead ; and the Nadir is directly opposite to the zenith, or "^ '"'""'■ 
under our feet. The zenith and nadir are the poles to tlie 
horizon. 

Verticals. — All lines passing from the zenith, perpondicu- Piin. vm 
lar to the horizon, are called Verticals, or Vertical Circie«. ^""'• 
The one passing at right angles to the meridian, and striking 
the horizon at the east and west points, is called the Prime 
Vertical. 

Azimulh. — The angular position of a body from the meri- 
dian, measured on the circle of tlie horizon, is called its Azi- 
mutk. 

The angular position, measured from its prime vertical, is Amriiuda 
called its Amplitude. 

The sum of the azimulh and amplUiide must always make 
90 degrees. 

Equator. — The Earth's Eifiialor is a great circle, east and 
west, and equidistant from the poles, dividing the earth inti 
two hemispheres, a northern, and a southern 

The Cehsiiid Equatir is the plane of the earth's erjuaior Cei<»tii. 
conceived to extend into the heavens. »qiiaior. 

When the sun, or any other heavenly body, meets the Bqniow 
cclesfial equator, it is Mid to be in the Equinox, and the"*'' 
equatorial hne in the heavens is called the Equtnoc^td. 

Latitude. — The latitndi" of any j>la(e on the earth, is 
its distance from the equator, measured ia degrees on the 
meridian, either north or south. 

If the measure is toward the north, it is north latitude; if 
toward i\\f, couth, south latitude. 
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4 ASTRONOMY. 

""°"° - The distance from the equator to the poles is 90 degrees — 
oue-fourth of a circle; and we shall know the circumference 
of tiic whole earth, whenever we can find tlie absolute len^h qj 
otie degree on its surface. 

Co-LalHude. — Co-latitude is the distance, in degrees, tf 
any place from the nearest pole. 

The latitude and co-latitude (complemont of the latitude) 
must, of course, always make 90 degrees. 
luUaii Parallels of latitude are small circles on the surface of the 
•"i"^- earth, parallel to the equator. 

Evorj jjoint, in such a circle, has the same latitude. 

Longitude. — The longitude of a place, on the surface of 

the earth, is the inclination of its meridian to some other 

meridian which may be chosen Id reckon tr m Englisli 

astronomers and geographers take the meridian which runs 

through Greeuwioh Observatory as the zero meridian. 

TLe firtt Other nations generally take the meridian of their princi- 

mdiiD u- pal observatories, or that of the capita! of their country, as 

the first meridian ; but this is national vanity and creates 

only trouble and confusion : it is important that the whol* 

world should agree on some or e v endian from wlicb to reckon 

longitude ; but as nature has dcHignated no particular one, it 

is not wonderful that different nations have chosen different 

»'• l,.\■^,K Jn tiijg woft^ ^e shall adopt the mendian of Greenwich at 

GiMo. ^^^ ^^ro lii"* of longitude, because most of the globes and 

ch ; "ad maps, and all the important astronomical tables, are adapted 

' to that meridian, and we see nothing to be gained by chang- 

Deelination. — Declination refers only to the celestial equa- 
tor, and is a leaning or declining, north or south of that line, 
and is similar to latitude on tlie earth. 

SdstUifd Points. — The points, in the heavens, north and 
south, where the sun has its greatest declinalion. 

The northern point we call the SuTraner Solstice, and the 
southern point the Winter Solstice; the first is in longitude 
80°, the other in lon^tude 270". 

Ab latitude is reckoned north and south, so longitude in 
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INTRODUCTION. 

reckoned east and west; but it would add greatly to Bjsie- wtb. 
matio regularity, and tend much to avoid eonfuedon and am- [„ 
biguity in computations, were this mode of expression aban- "•w^ 
doned, and lon^tude invariably reckoned westward, from to *" 
3ti0 degrees. 

Latitude and longitude, on the eartb, does not corre- ^^^l, 
spond to latitude and longitude in the heavens. Latitude, on •"*',, 
the earth, corresponds with declination in the heavens; and ceD>i< 
longitude, on the earth, has a striking analogy to right ascen- 
sion in the heavens, though not an exact correspondence. 
We shall more particularly explain latitude, longitude, and 
right ascension in the heavens, as we advance in this work; 
for it is only when we are forced to use these terms, that the 
nature and spuit of their import can be really understood. 

There are other technicalities, and terms of frequent use, ^^ 
in astronomy, sucli as Conjunction, Opposition, Retrograde, ^^_ 
Direct, Apogee, Perigee, Stc, &c., all of which, for the sake 
of aimplioity, bad better not be explained until they fall 
into use; and, once for all, let us impress this fact on the 
aindfl of cur readers, that we shall put far more stress on tha 
lubsUnce xnA spirit of a thing, th»n on its nune. 
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AaTRONOMY. 



SECTION I, 

CHAPTER I. 
pKKuaiHAas ossEaTAiioNS. 

To oommence the study of BBtrouomj, we must obseivs 
and call to mind tlie real appearances of the heavens. 

Take such a station, anj cleaj* night, as will command an 
extensive view of that apparent, concave hemisphere above 
us, which we call the sky, and fix well in the mind the direo* 
tions of Tiorth, scnii/i, easl, and west. 
"- At first, let us suppose our observer to be somewhere in 
,. the United States, or somewhere in the northern hemisphere, 
about 40 degrees from the equator. 

As yet, this imaginary person is not an astronomer, and 
neither has, nor knows how to use, any astronomical instru- 
ment ; but we would have him mark with attention the ^- 
sitions of the heavenly bodies. 

( 1. ) Soon he will perceive a variation in the position of 
the stars : those at the east of him will apparently rise ; those 
at the west will a| pear to sink lower, or fall below the hori- 
z "■ ; those at the south, and near his zenith, wil! apparently 
move westward ; and those at the north of him, which he may 
see about half way between the horizon and zenith, will a^ear 



AppaMBt Let such observations be continued during all the hours 
AtiWuHc". "^ *^^ '^'g^''' "i"^ for several nights, and the observer cannot 
U4t« fail to be convinced that not only all the stars, but the sun, 

moon, and planets, appear to perform revolutions, in about 
twenty-four hours, round a. Jb^ point; and that fixed point, 
as appear» to us (in the middle and northern part of the 
United States ), is about midway between the northern hori- 
zon and the zenith. 
'^ "'' It should always be borne in mind, that the sun, moon, and 
stars, haTo an apparent diurnal motion round a _fixed point 
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PRELIMINARY OBSERVATIONS. 

and all those stars which are 90 degrees from that poiat, 
apparently describe a great cirde. Those scars that are 
nearer to the fixed poiat thau 00 degrees, describe smaller 
circles ; and the circles are smaller and smaller as the objects 
are nearer and nearer the fixed poinls. 

( 2. ) There is one star so near this fiied point, that the 
small circle it describes, in about 24 hours, is not apparent 
from mere inspection. To detect the apparent motion of 
this star, we must resort to nice observations, aided by ma- 
thematical instruments. 

Ihis fixed pmni, that we have several times mentioned, is 
the NortJi Pole of the heavens, and this one star that we have just 
mentioned, is commonly called the North Star, or the Pole Star. 

(3.) Tliia star, on the 1st of January, 1820, was 1° 39' 
6" from the pole, and on Ist of January, 1847, its distance 
from the pole was 1° 30' 8" ; and it will gradually and 
more slowly approach within about half a degree of tlie pole, 
and afterward it will as gradually recede from the pole, and 
finally cease to be the polar star. 

We here, and must generally, speak of the star, or tlie stars, 
as in motion; but this is not so. The fixed stars are abso- 
Ivielyficed; it is the pole itself that has a slow motion among 
llie stars, but the cause of this motion cannot now be ex- 
plained; it is one of the most abstruse points in aBtronomy, 
and we only mention it as a fact. 

As the North Star appears stationary, to the common ob- 
server, it has always been taken as the infallible guide to 
direction ; and every sailor of the ocean, and every wanderer 
of the African and Arabian deserts, has held familiar ac- 
quaintance with it. 

( 4. ) If our observer now goes more to the southward, and 
mates the same observations on the apparent motions of the ' 
Stars, he will find the same general results ; each individual ' 
star will describe the same circle; but the pole, the ^erf 
point, will be lower down, and nearer the northern horizon ; 
and it will be lower and lower in proportion to the distance 
the obaerver goes to the south. After the observer has gone 
sufficiently far, the fixed point, the pole, will no longer be up 
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cinBgeiin ^ 5 -j jf f\,fj observer should go north, from the first 

i going station, in place of going south, the north pole would rise 

"•* nearer to the zenith ; and, should he continue to go north, he 

would finally find the pole in his zenith, and aE the stars 

would apparently make circles round the zenith, as a center, 

and parallel to the horizon ; and tho horizon itself would be the 

nelestial equator. 

( 6. ) When the north polo of the heavens appears at the 

zenith, the observer must then be at the north pole, on the 

earth, or at the latitude of 90 degrees. 

Appeur- (-7^ -J A.ny celestial body, which is north of the equator, is 

°r non* always visible from the north pole of the earth ; hence the 

)!■- Bun, which is north of the equator from the 20th of March to 

the 23d of September, must be constantly visible during that 

period, in a clear sky. 

Just as the sun comes north of the equator, its diurnd 
progress, or rather, the progress of 24 hours, is around the 
horizon. When the sun's declination is 10 degrees north of 
the equator, the progress of 24 hours is around the horizon 
at the altitude of 10 degrees ; and so for any other degree. 

From the north pole, alJ directions, on the surface of tho 

earth, are south. North would be in a vertical direction 

toward the zenith. 

Nov to yfg -[ig^yg observed that the pole of the heavens rises as we 

™rerenco go north, and sinks toward the horizon as we go south ; and 

nd dhniatcF when we observe that the pole has changed its position one 

" "" degree, in relation to the horizon, we know that we must haiu 

changed place one degree on the surface of the earth. 
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( 8. ) Now we tnow bj observation, that if we go north ' 
about 69j English miles on tin earth, the north pole will bo 
on« decree higher above the horizon. Therefore (JDj miles 
correBponds to one degree, on the earth ; and hence the whole 
circumference of the earth must hi 6^1 multiplied by 360 : 
for there are 360 degrees to every circle. This gives 24,930 
miles for the oircumferenee of the earth, and 7,930 miles for 
its diameter, wliieh is not far from the truth. 

( 9. ) Here, in the United States, or anywhere cither ia 
Europe, Asia, or America, north of the equator, say in lati- '* 
tude 40°, the north pole of the heavens must appear at an 
altitude of 40° above the horizon ; and as all the stars and 
heavenly bodies apparently circulate round this point as a 
eenter, it follows that all those atara which are within 40° 
of the polo can never go below the horizon, but circulate 
round and round the pole. All those stars which never go 
below the horizon, are called circumpolar stars. 

At the north, and very near the north pole, the sun is a 
circumpdar hody while it is north of the equator, and it is a '' 
eircumpolar body as seen from the south pole, while it is south f„ 
of the equator; this givds six months day and six months"' 
night, at the poles. 

( 10. ) North of latitude 66°, and when the sun's declina- 
nation is more than 23° north ( as it is on and about the 20th 
of June in each year ), then the sun comes at, or very near, the 
northern horizon, at midnight ; it is nearly east, at 6 o'clock 
in the morning; it ia south, at noon, and about 46° in alti- 
tude ; and is nearly west at 6 in the afternoon. 

( 11. ) In the southern hemisphere, there ia no prominent 
jtar near the south pole ; that is, no southern polar star ; but, 
of course, there are eircumpolar stars, and more and more aa 
one goes south ; and if it were possible to go to the south 
pole, the whole southern hemisphere would consist of eircum- 
polar stars, and the pole, or fixed point of the heavens, would 
be directly overhead ; and the aun himself, when south of the 
•quator, would be a eircumpolar body, going round and round 
svery 24 hours, nearly parallel with the horizon. 

( 12 ) Tn all latitudes, and from all places, the BUn N 
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>. I. obsurved to circulate round the nearest pole, a^ a center; and 
am- when the sun is on the same side of the equator aa the ob< 
'" " server, itBre than liaJf of the sun'a diurnal circle is aboye the 
,-, di- horizon, and the observer will have more than 12 hours sun- 
- light. 

When the sun is on the equator, the horizon, of every lati- 
tude, outs the sun's diurnal circle into ttro equal parts, and 
gives 12 hours day, and 12 hours night, the world over. 
When the sun is ou the opposite side of the equator from the 
observer, the smaller segment of the sun's diurnal circle ia 
above the horizon, and, of course, gives shorter days than 
nights. 

We have, thus far, made but rude and very imperfect ob- 
servations on the apparent motion of the heavenly bodies, and 
have satisfied ourselves only of two facts : 
■ "'- 1. That all the stars, sun, moon, and planets included, 
apparently circulate r«und the polo, and round the earth, in 
a day, or in aiout 24 hours. 

2 That the sun comes to the meridian, at different alti- 
tudes above the horizon, at different seasons of the year, 
giving long days in June, and short days in December. 

( 13.) Let us now pay attention to some other particulars. 
Let us look at the diflcrent groups of stars, and individual 
stars, so that we can recognize them night after night. 
-■■iiT We should now have some means of measuring time; but, 
^iif in early days, when astronomy was no further advanced than 
it Is supposed to be in this work, a cloek could hardly have 
had existence; and the advancement of timepieces has been 
nearly as gradual as the advancement of astronomy itself. 

But we will not dwell on the history, and difficulties, of 
clockmaking: whatever these difficulties may have been, oi 
whatever niceties modern science and art may have attained, 
there never was a period when people had not a good gentral 
idea of time, and some means to measure it. For fnstanee, 
sunrise and sunset could be always noted as distinct points 
of time ; and the interval of a day and a night, or an astro- 
nomical day, which we now caU 24 hours, was soon observed 
to be a constant quantity. 
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At first, only rude timepieces could be made, designed to €■»». i. 
mark off equal intervals of time; but we will suppose, at 
once, that the reader of this work, or our imaginary observer, 
can have the use of a common clock, wliieh measures mean 
solar time of 24 hours in a natural day, which is marked by 
the aun, 

(14.) Now, having power to recognize certain stars, or The pam 
groups of stars, such as tte Seven Stars, the Belt of Orion, °°'" '"''' 
Aldebaran, Sinus, and the like, and having likewise the use in«iationis 
of a clock, he can observe when any particular star comes to ""'*■ 
any definite position. 

Let a person place himself at any particular point, to the 
north of any perpendicular hne, as the edge of a wall or 
building, and let him observe the stars as they pass behind 
the building, in their diurnal motions from the east to the 
west. For example, let us suppose tliat the observer is 
watching the star Aldebanai, and that, when the eye is placed 
in a particular definite position, the star passes behind the 
building at exactly 8 o'clock. 

The next evening, the same star will come to the same 
point about 4 minutes before 8 o'clock ; and it will not come 
to the same point again, at 8 o'clock in the evening, until 
after the expiration of one year. 

( 15.") But in any year, on the same day of the month, and 
at the same hour of the day, the same star will be at, or very 
near, the same position, as seen from the same point. 

For instance, if certain stars come on the meridian at a oo ma 
particular time in the evening, on the first day of December, o"™'"* » 
the same stars will not come on the meridian again, at the aian. 
same time of the night, until the first day of the next December. 

On the first of Januarj', certain stars come to the meridian Iuiibi tt 
at midnight; and ( speaking loosely) every first of January ** ''"i'^'i 
the same stars come to the meridian at the same time ; and 
there will be no other day during the whole year, when the 
same stars will coine to the meridian at midnight. 

Thus, the same day of every year is observed to have the 
same position of the stars at the same hour of the night ; and 
tMs is the most definite index for tli£ expiration of a year 
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( 16.) The year ia also indicated by the change of the enn's 
in declination, which the moat careless observer cannot fail to 
J' notice. On the 2l8t of June, the sun declines about '23|. de- 
grees from the eijuator toward the north ; and, of course, to 
us in the northern hemisphere, its meridian altitude is so 
much greater, and the horizontal shadows it casts from the 
same fixed objects will be shorter; and the same meridian 
altitude and short shadow will not occur again unti] the fol- 
lowing June, or after the expiration of one year. 

Thus, we see, that the time of the stars coming on to the 
meridian, and the dechnation of the sun, have a close corrC' 
spondence, in relation to time. 
id In all our observations on the stars, we notice that theii 
7 apparent relative situations are not changed by their diurnal 
motions. In whatever parts of their circles they are observed, 
or at whatever hour of the night they are seen, the same con- 
figuration is recognized, although the same group, in the 
difforont parts of its course, will stand differently, in respect 
to the horizon. For instance, a configuration of stars resem- 
bling the letter A, when east of the meridian, will resemble 
the letter V, when west of the meridian. 
"■ As the stars, in general, do not change their positions in 
respect to each other, they are called fieetl stars; but there 
are a few important stars that do change, in respect to other 
stars ; and for that reason they become especial objects of 
attention, and forin the most interesting portion of astro- 

In the earliest ages, those stars that changed their places, 
were called wandering start; and the' were subaer[uently 
found to be the planetary bodies of the lolar system, Uke th« 
o&rth on which we live. 
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CHAPTER II. 

APlliABAHCES IN lUB HEAVKu', 

In tlie preceding chapter we haTB only called to mind the t-*"^ 
most obvious and prelxmmarj observations, whiob force them- 
selves oa every one who pajs the least attention to the 
aubject. 

We shall now conoidtr the observer at oii . place, making 
more minute and scientific observations. 

(17.) We have already remarked, that if the observer Ho» 
were on the equator, the poles, to him, would be in his horizon. ^^° ^ J 
If ho were at one of the poles, for instance, the north pole, the place < 
equator would then bound the horizon. If he were half way ""*'" 
between the equator and one of the poles, that pole would 
appear half way between the horizon and the zenith. 

Therefore, by observing Hie altitude of the pole above tlis liari- 
son, we determine the number of degrees we are from the 
equator, which is called lA.e lotUuih of Ike place. 

( 18.) To carry the mind of the reader progressively along, 
in astronomy, we must now suppose that he not only has the 
use of a good clock, but has also some imCrvment to measure 
angles. 

Clocks and astronomical instruments progressed toward 
perfection in about the same ratio aa astronomy itself; but, 
as we are investigating or leading the young mind to the in- 
vestigation of astronomy, and not making clocks or matho- 
matica! instruments, we therefore suppose that the observer 
lias all the necessary instruments at his command, and we 
may now require him to make a correct map of the visible 
heavens ; but to accomplish it, we must allow him at least 
one year's time, and even then he cannot arrive at anything 
like accuracy, as several incidental difficulties, instrumental 
errors, and practical inaccuracies, must be met and overcome, 

( 19.) There are three principal sources of error, which Sonn 
must he taken into consideration, in making astronomical j^ ^^ 
1. Uncertainty as to the exact time. 2. Inex- tion. 
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Ciiw. n. pertness and want of tact in tbe observer; and 3. Imperfeo- 
tion in the instruments, E-verjthing done hy man ie neces- 
sarily imperfect. 
iiffiTi^"^ "It may bo thought an easy thing," says Sir John Her- 
uj «u«3 ^*''^^'' " ^y '^'^'^ unacquainted with the niceties required, tu 
tf airot. turn a circle in metal, to divide its circumference into 360 
equal parts, and these again into smaller subdirisiona, — to 
place it accurately on its center, and to adjust it in a giveii 
position ; but practically it is found to he one of the mosl 
difficult. Nor will this appear extraordinary, when it is con- 
sidered that, owing to the application of telescopes to the 
purposes of angular measurement, every imperfection of struc- 
ture or division becomes magniScd by tbe whole optical power 
of that instrument; and that thus, not only direct errors of 
workmanship, arising from unsteadiness of hand or imperfec- 
tion of tools, but those inaccuracies which originate in far 
more uncontrollable causes, such as the unequal expansion 
and contraction of metallic masses, by a change of tempera- 
ture, and their unavoidable flexure or bending by their own 
weight, become perceptible and measurable." 
RiHsiirj' (^ 20.) The most important instruments, in an observatory, 
aside from the clock, area drde, or sector, /or altitudes; and 
a traimt instrument. 

The former eonaists of a circle, or a portion of a circle, of 
firm and durable material, divided into degrees, at the rate 
of 360 to the whole circle. Each degree is divided into equal 
parts; and, by a very ingenious mechanical adjustment of an 
index, called a Vernier scale, the division of tbe degree is 
practically ( though not really) subdivided Into seconds, or 
S600 equal parts. 

Tbe whole instrument must now he firmly placed and ad- 
justed to the true Amizontal ( which is exactly at right angles 
to a plumb line ), and so made as to turn in any direction. 
With this instrument we can measure angles of altitude. 
ii'**in«'ra *• ^^'^ "^^ transit instrument ia but a telescope, finnly faa- 
„„,, tened on a horizontal axis, east and v.-esr, so that thn telescope 

itself moves up and down In tbe plam of the meridian, but nan 
ppver be turned aside from '■"■ meridian to the east or wrt 
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To place the itidtrunient in this f 
tion, is a very difficult matter ; but it is 
a ctifficulty which, at present, should Dot 
eome under consideration : we simply 
conceive it so placed, ready for ohse 

" In the focus of the eyepiece, and at 
right angles to the length of the tele- ^ 

Bcope, is placed a system of one horiEontal and five equidis- n 
tant vertical threads or wires, as represented in the annexed '' 
figure, which always appear in ^v, field of view when properly 
illuminated, by day by the light of the 
sky, by night by that of a lamp, intro- 
dttced by a contrivance not n 
to explain. The place of this system of t 
wires may be altered by adjusting si 
giving it a lateral ( horizontal ) motion ; 
and it is by this means brought to such a Meiidisn wiio. 
position, that the middle one of the vertioa! wires shaJl inter- 
sect the line of cdlitnation of the telescope, where it is arrested 
and jicrmanently fastened. In this situation it is evident 
that the middle thread will be a visible representation of that 
portion of the celestial meridian to which the telescope is 
pmnted; and when a star is seen to cross this wire in the 
telescope, it is in the act of culminating, or passing the celes- 
tial meridian. The instant of this event is noted by the 
clock or chronometer, which forms an indispensable accom- 
paniment of the tiansit instrument. For greater precision, 
the miinient of it^ crossing each of the vertical threads is „ 
noted, and a mean taken, which ( aini-e the threads are equi- " 
distant ) would give exactly the same result, were al! the 
observations perfect, and will, of course, tend to subdivide and 
destroy their errors in an average of the whole." 

( 22. ) Thus, all prepared with a transit instrument and a ^ 
dock, we fix on some bright star, and mark when it comes to fi: 
the meridian, or appears to pass behind the central wire of the ''■ 
instrument. By noting the same event the next evening, the „ 
Qeit. we find the interval to be very sensi- st 



next, and the 
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bly leBS than 24 hours ; hut the intervals are equal to each 
otlier ; and aU'-he fixed starg are unanmotn in giving tquai 
intetimls of time between two succensive transila of tite same star, 
if measured by the aame clock. 

The following observations were actually taken by M. 
Arago and Lacroix, in tho small island of Formentera, in the 
Mediterranean, in December, 1807. 



DateofUbaerTatioua, 


Time of transit of the 
Slar a Arietie. 


Intervala between 
succeisive Transits. 


1807, Doc. 24, 

" 25, 

" 26, 

" 27, 

" " 28, 


h. m. H. 
9 42 32.36 
9 41 29.70 
9 40 26.72 
9 39 23.90 
9 38 21.38 


h. m. s. 

23 58 57.34 
23 58 57,02 
23 58 57,18 
23 58 57.48 



These intervals between the transits agree so nearly, thai 
it is very natural to suppose them exactly equal, and the 
small difference of the fraction of a second to arise from some 
sUght irregularities of the clock, or imperfection in making 
the observations. 

The equality of these intervals is not only the same for all 
the fixed stars, in passing the meridian, but they are the 
same ill paesitig all iilher planes. 
"1 Now as this has been the universal experience of astrono- 
'* mcrs in all ages, it completely establishes the fact, that all 
the fixed stars come to the meridian in exactly equal inter- 
vals of time; and this gives us a standard meaiwre for time, 
and the only standard measure, for all other motions ars 
variable and unequal. 
of Again, this interval must be the time that the earth 
'' employs in turning on its axis; for if the star is fixed, it is a 
mark for the time that the meridian is in exactly the same 
position in relation to absolute space. 
■■ ( 23.) That the reader may not imbibe erroneous impres- 
sions, we remark, that the clock used for the preceding ob- 
servations, made by M. Arago and Lacroix, ran too fast, if it 
n dock, and too slow, if it was 
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eiock. It was not mentioned which clock was used, nor was ch*f. ii. 
it material airapl j to establisli the fact of equal intervals ; nor 
was it essential that the clouk should run 24 hours, in a mean 
solar day: it was only essential that it ran uniformly, and 
marked off equal hours in equal times. 

If it had been a common clock, and ran at a perfect raie, 
the ioterval would have been iiSh. 56 m. 4.09 b. 
di g 






fix 

al 



ur T g the 

U m ok; 

g d m d us d nl for 

ailed 

CO diff m inon 

clock. 

With a perfect astTommieal dock, the same star mil pass the To deu 
meridian al exactly the same time, fmm one year's end to an- "|.'"j^"''," 
other.* If the tiioe is not the same, the clock does not run nomii.a] 

■ Sidereal timehaBbsen sli^hlly modified since the discovery of the 
prteetaian of the equinoxes, Ibougli such modificalioa liaa never been 
tli*linctly noticed in aoy astronomical worli. 

At first, it vxa designed to gradunte the interval between two nuc- 
cessive transits of the same stat over the meridian, to 24 hours, and to 
call this a sidereal day ; tchieh, in fact, U U. 

ntan,but from the passage of tiie trnagiiiary point in the heavens, wbern 
the sun's path crosses the vernal equinox, called (he tirst point of 
Aries), thus making the eWereoi Joy and the equinoctial year commeace 
Hi (he same moment of absolute time. 

For some time, it was supposed that the Interval between two suc- 
OMsive Iranails of the first point of Aries, over the meridian, was tho 
lame as two successive Iranails of a star i but thu two inlervBlB are not 
iderOical; the first point of Aries has a vpry slow motion westwald 
smong the stars, which is railed the precession of the equinox, and 
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' II, to Mdereal time; and the variation of time, or the difference 
between tlie time when the star passes the meridian, and the 
time which ought to he shown hy the clock, will determine 
the rate of the clock. And with the rate of the clock, and its 
error, we can readily deduce the true time from the time 
shown by the face of the clock. 
I i»it ( 25. ) When we examine the sun's passage across the 
meridian, and compare the elapsed intervals with the sidereal 
clock, we find regular and progressive variations, above and 
below a mean period, that cannot be accounted for by errors 
of observation. 

The mean interval, from one transit of the sun to another, 

or from noon to noon, when we take the average of the whole 

year, ia 24 hours of solar time, or 24 h. 3 m. 56.5554 s. of 

sidereal time ; but, as we have just observed, these intervals 

are not uniform; for instance, about the 20th of December, 

tbey are about half a minute longer, and about the 20th of 

September, they are as much shorter, than the mean period. 

iDD From this fact, we are compelled to regard the sun, not as 

''"™ a fixed point; it must have motions, real or apparent, inde- 

oiion. pendent of the rotation of the earth on its axis. 

( 26. 1 When we compare the times of the moon passing 
the meridian, with the astronomical clock, we are very forcibly 
struck with the irreg^darity of the interval. 
•nnai The least interval between two successive transits of the 
"' moon ( which may be called a lunar day ), is observed to be 
about 24 h. 42 m. ; the greatest, 25 h. 2m; and the mean, or 
average, 24 b. 54 m., of mean solar time. 

These facts show, conclusively, that the moon is not a 

which iDskea ita transits across the meridian a fraction of a lecoid 
thorter than the traiiaila of a star. 

The time FFquired for 366 transits o( a Btai across the meridian, in 
( 3".34), Ikree teconda and thirty-four htijidredths of a steond of sidereal 
time, greater than for 366 transKa of the equinox. 

This difference would make a day in about ij5000 yenra. The time 

called a siderea! day of Q4h. Om. Oa., the 

lime between the transits of the same star. Is - 34 h. D m. 0.00916 « 
Every astronomer nnderslanda Art (34) with (hi a mod ill cation. 
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fiKed body, like a fiicd star, for then the interval wouicJ be CH*f. u. 
M hours of sidereal time. 

But as the iiiteryal is always more than 241iours, it shows 
that the general motion of the moon is eastward among the 
stars, with a daily motion varying from 10^ to 16 degrees,* 
traveling, or appearing to travel, through the whole circle 
of the heavens ( 360° ) in a little more than 27 days. 

Thus, these observations, however imperfectly and rudely cbi.f ok- 
taken, at once disclose the important fact, that the sun and^J^^ "™ 
moon are in constant change of position, in relation to the 
stars, and to each other; and, we may add, that the chief 
object and study of astronomy, is, to discover the reality, the 
causes, the nature, and extent of such motions. 

( 27, ) Besides the sun and moon, several other bodies Othei 

were noticed as coming to the meridian at very unecjual in- ^,Bd*rins 
tervals of time — intervals not differing so much from 24 i»iii««. 
sidereal hours as the moon, hut, unlike the sun and moon, 
the intervals were sometimes more, sometimes less, and some- 
times equal to 24 sidereal hours. 

These facts show that these bodies have a real, or appa- 
rent motion, among the stars, which is sometimes westward, 
sometimes eastward, and sometimes stationary ; but, on the 
whole, the eastward motion preponderates ; and, like the sun 
and moon, they finally perform revolutions through the hea- 
vens from west to east. 

Only /oar such bodies ( stars ) were known to the ancients, Wmdorin 
namely, Venus, Mirra, Jupiter, and Saturn. ^^ ^^ 

These stars are a portion of the planets belonging to our iIhu. 
solar system, and, by subsequent research, it was found that Moa«i 
the Earth was also one of the number. As we come down 
to more modern times, several other planets have been disco- 
vered, naniely, Mercuri;, JJramis, Vesta, Jimo, Ceres, Pallas^ 
and, very recently ( 1846), the planet Neptune.\ 

* Fonr minutes above S4 hours corresponds to one degree of arc. 

f We have not mentioned the nsmes of these flanett In the order In 
»hicb Uiey stand in the system, but rather in the order of their dis- 
toveiy. As yet, we have really no Idea of a planet, or s plaaetary 
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1. We shall again examine the meridian passages of the sun, 
moon, and planets, and deduce other important faets con- 
cerning them, he^idoa that of their apparent, or real motions 
among the dxed stars. 

^»- (28.) But let lis return to the fixed stars. We have 

I several times mentioned the fact, that the same star returns 

ian to the same meridian again and again, after every interval of 
•^ 24 sidereal hours. So two different stars come to the meri- 
dian at constant and invariable intervals of time from each 
other ; and by sacA intervals we decide how far, or how many 
degrees, one star is east or west, of another. For instance, 
if a certain fixed star was ohserved to pass the meridian when 
the sidereal clock marked 8 hours, and another star was ob- 
served to pass at 9, just one sidereal hour after, then wo 
know that the latter star is on a celestial meridian, just 15 
degrees eastward of the meridian of the first mentioned star. 

'«■ As 24 hours corresponds to the whole circle, 360 degrees, 
therefore one hour corresponds to 15 degrees ; and 4 minutes, 

„. in time, to one degree of arc. Hence, whatever be the ob- 
served interval of time between the passing of two stars over 
the meridian, that interval will determine the actual difference 
of the meridians running through the stars ; and when wc 
know t/ie position of any one, in relation to any celeslial meri- 
dian, we know the posilicm of oil whose meridian observations 
have been thus compared. 

"- The position of a star, in relation to a particular celestial 
uKridian, is ealied Si^fd Aseensicm, and may be expressed 
either in time or degrees. Astronomers have chosen that 

II is traa, we might metilion every fact, and every particular re- 
ipecting each planet ; such as jls period of revoliitiou, size, distance 
from Iha bhu, &c. ; but such facia, arbilrarily stated, would nol convey 
the Bcienceof aalronomylo the reader, for they can he lold alike to the 
man and to the child — to Ihe intellectual and to the dall — to the learned 
and to the nnlearaed. 



knowledge — to acqaire true science — the pupil 
mnst not only know the fact, bat hoiB that fact aas di$ci>txred, or de- 
duced from other facta. Hence we shall mnifiZy construct our theories 
from ohservations, as we pass along, and teach the pupil to decide Ihr 
tut from the facts, evidences, end circamslancBB prisenled 
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meridian, for the first meridian, which passes through the C""- "- 
sun'a center at the instant the sun orosses tlip celestial equa- rim awii 
tor in the spring, on the 20th of March. *'"■ 

Might ascension is measured from the ii'-''t meridian, east- 
ward, on the equator, all the way round the circle, from to 
360 degrees, or from Oh. to 24 h. 

The reason why right ascension is not called lotiffUude will 
be explMned hereafter. 

(29.) If we ohscrre and note the difference of sidereal Tufludiht 
time between the coming of a star to the meridian, and the 'P^^ lT™t 
coming of any other celestial body, as the sun, momt, planet, sun, didou, 
or comet, such difference, applied to the right ascension of the '" ^ "'"" 
star, will give the right ascension of the body. 

But every astronomer regulates, or aims to regulate, his 
sidereal clock, so that it shall show h. m. h. when the 
eq^ainox is on the meridian ; and, if it does so, and runs regu- 
larly, then the time that anybody passes the meridian by the 
clock, will give the right ascension of the body in time, with- 
out any correction or calculation; but, practically, this is 
never the case: a clock is never exact, nor can it ever run 
exactly to any given rate or graduation. 

We have thus shown how to determine the right ascensions 
of the heavenly bodies. We shall explain how to find their 
positions in declination, in the next chapter. 



CHAPTER III. 



OF THE BQniNOX, AND OBLIQUITY OF 
HOW FOUND BY OBSERVATION. 

( 30. ) To determine the angular distance of the stars from Ch* 
the pole, the observer must first know the distance of his 
lenith from the same point. 

As any zenith is 90 degrees from the true horizon, if the 
observer can find the altitude of the pole above the horiion 
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'■ ( which ia the latitude of the place of ohservation ), he, of 
course, knows the distance between the zenith and the pole. 

"" As the north pole is but an imaginary point, no star betm 
there, we cannot directly observe its altitude. But there is a 

io ygj.y bright star near the pole, called the Polar Star, which, 
as all other stars in the same region, apparently revolTee 
round the pole, and comes to the meridian twice in 24 sidereal 
hours; once ahove the pole, and once below it; and it is 
evident that the altitude of the pole itself must be midway 
between the greatest and least altitudes of the same star, 
provided the apparent Tnotion of the star round the pole u really 



a circle; but before 
altitudes can be taken by tli 



this fact, we will show hoi 
mural drde. 

(31.) The mural, or 
vail circle, is a large me- 
tallic circle, firmly fas- 
tened to a wall, so thai 
its plane sliall coincide 
with the plane of the me- 

A perpendicular lint 

through the center, ZJ\\ 

(Fig. 2), represents the 

zenith and nadir points ; 

and at right angles to 

this, through the center. 

is the horizontal line, I/h 

I,. A telescope, Tt, and an indes bar, li, at right angles t< 

y the telescope, are firmly fixed together, and made to revolve 

on the center of the mural circle. 

The circle is graduated from the zenith aud nadir points 
each way. to the horizon, from to 90 degrees. 

When the telescope is directed to the horizon, the indes 
points, /and i. will be at Z and jV; and, of course, show 0° 
of altitude. When the telescope is turned perpendicular to 
Z, the indes bar will he horizontal, and indicate 90 degrees 
of altitude. 

Wten the telescope is pointed toward any star, as in the 




,y Google 



REFRACTION. 3.1 

figure, the index polnta, /and i, will show the position of tlie chif. hi. 
telescope, or its angle from tlie horizon, loAicA is the cdlUude 
of the star. 

As the telescope, and index of this intitrument, can revolve Miu«i cu. 
freely round the whole circle, we can measure altitudes with *' ^^^'' . ' 
it equally well from the north or the south; but as it turns imuiout, 
only in the plane of the meridian, we can observe only meri- 
dian altitudes with it. 

This instrument has been called a ^ansU circle, and, says 
Sir John Herschel, " The mural circle is, in fact, at the same 
time, a transit instrument ; and, if furnished with a proper 
system of vertical wires in the focus of its telescope, may be 
used as such. As the axis, however, is only supported at one 
end. it has not the strength and permanence necessary for 
the more delicate purposes of a transit; nor can it be veri- 
fied, as a transit may, by the reversal of the two ends of its 
axis, east for west. Nothing, however, prevents a divided 
circle being permanently fastened on the axis of a transit 
instrument, near to one of its extremities, so as to revolve 
with it, the reading off being performed hy a microscope 
Bxed on one of its piers. Such an instrument is called a 
Vansil circle, or a meridian circle, and serves for the simulta- 
DQous determination of the right ascensions and pokr dis- 
tances of objects observed with it ; the time of transit being 
noted by the clock, and the circle being read off by the late- 
ral mioroseope." 

f 32.) To measure altitudes in all directions, we must have Aitii»j« 
another instrument, or a modificalton of this. 'aamM* 

Conceive this instrument to turn on a perpendicular axis, 
parallel to Z J'i in place of being fixed against a wall; and 
conceive, also, that the perpendicular axis rests on the center 
of a horizontal circle, and on that circle carries a horizontal 
index, to measure aximutk atifflei. 

Tbts instrument, so modified, is called an altitude and azi- 
muth instrument, because it can measure altitudes and azi- 
mutha at the same time. 

(33.) After astronomy is a little advanced, and the angu- 
lar ifistoJice of each particular ilar, sun. moon, and ptantt. 
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3bi». III. from the pole is known, then we can determine the latitude bj 
Th« uti. observing the meridian altitude of any known colestial body ; 
""ui*"!^" ^^^ before their positions are establialied { as is now supposed 
adt of 111* to be the ease with the reader of this work ), the onlj way to 
""•■ observe the latitude is by the altitudes of some rircumpolar 

glar, as mentioned in Art. 30. 

To settle this very imporlanl element, the observer tnrn» 
the telescope of his mural circle to the pole star, and oh- 
serves its greatest and least altitudes, and takes the half sum 
for hia latitude. But is this really his latitude ? Does il 
recLuire any correction, and if so, what, and for what reason'; 
AdifflcnLiT. At first, it was very natural to suppose that this gave the 
exact latitude: but astronomers, ever susnicious. ehoee to 
verify it, by taking the same observations on other circum- 
polar stars; and If the theory was correct, and the observa- 
tions correctly taken, all circumpolar stars would give the 
same, or very nearly the same, result. Such observations 
were made, and stars at the same distance from the pole 
gave the tame latitude, and stars at different distances from 
the pole gave different latitudes ; and the greater the dis- 
tance of any star from the pole, the greater the latitude de- 
duced from it. A star 30 or 35 degrees from the pole, ob- 
served from about the latitude of 40 degrees, will give the 
latitude 12 or 15 minutes of a degree greater than the pole 

s.w sn.i Astronomers were now troubled and perplexed. These 

"J"'""' great and manifest discrepancies could not be accounted for 

by imperfection of instruments, or errors of observations, and 

some unconsidered natural cause was sought for as a solution. 

'^irrei d«- To bring more evidence to bear on the cose, astronomers 

iMompoiM' examined the apparent paths of the stars round the pole, by 

!•«■ means of the alliivde and asmulh itulrumtni, and they were 

found to he not exact circles; but departed more and more 

from a circle, as the star was a greater and greater distance 

from the pole. 

These curves were found to be somewhat like omU — the 
IciD^Br diameter pssung hori'iontally through the pole— the 
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ujiper segmente very nearly samcircles, and the lower segmenta <-""*» 
fattened on tlieir under sides. 

With anch evidences before the mind, men were not long 
in deciding that these discrepancies were owing to 

ASTRONOMICAL REFRACIION. 

( 34. ) It is shown, in every treatise on natural philosophy, c 
that light, passing obliquely from a rarer medium into a '^^"^ 
denser, is bent toward a perpendicular to the new medium. 

Now, when rays of light pass, or are conceived to pass, 
from any celestial object, through the earth's atmosphere to 
an observer, the rays must he leril downward, unless they past 
perpendicularly through the atmosphere; that is, come from 
the zenith. 



LetAB, CD_ 
EF, 8ec ( Fig.' 
3 ), represent 
different strata 
iit'theearth'sat- 

he a star and 



Fig 3 




When it meets the first strata, as E F, it is slightly hent Ker™a 
downward; and as the air becomes more and more dense, its '""""•' 
refracting power becomes greater and greater, whieh more 
and more bends the ray. But the direction of the ray, at 
the point where it meets the eye of the ohserver, will deter- 
mine the position of the star as seen by him. Hence the 
observer at will see the star at s', when its real powtion is 
at .V. 

Afl a ray of light, from any felestial object, is bent down- 
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Cur. ui. frard, therefore, as we may see bj inspecting tite figure. Ikt 
lUlikide if all t!ie heaverdy bodies u mcreased by refraetion. 

This ahowa that all the altitudes, taken as described in 
Art. 83, must be apparent altitudes — greater than true alti- 
tudes — and the resulting latitudes, deduced from them, al' 
too great. 

The object is now to obtain the amonnt of the refraotioo 
corresponding to the different altitudes, in order to correct or 
aUow for it. 

To determine the amount of refraction, we must resort 

to observations of some hind. But what sort of observations 

will meet the case t 

How to Conceive an observer at the equator, and when the sun or 

■oDnt or re- * ^^^'' passes through, or very near his zenith, it has no re- 

fisMioo cor. fraction. But, at the equator, the diurnal circles are per- 

"''^a*"d, pendieular to the horizon; and those stars which are very 

[too of iiii- near the equator, really chaise their altitudes in pToporti<m to 

**■ the time. 

Now a star may he observed to pass the zenith, at the 
equator, at a particular moment ; four hours afterward ( side- 
real time ), the zenith distance of this star must be 4 times 16. 
or 60 degrees, and its altitude just 3ft degrees. But, by o/i- 
termtton, the altitude will be found to be 30° 1' 38". Fronr 
this, we perceive, that 1' 38" is the amount of refraetion 
corresponding to 30 degrees of altitude. 

I[i sis sidereal hours from the time the star passed the 

Renith, the true position of the star would he in the horizon ; 

but, by observation, the altitude would he 33' 0", or a little 

more than the angular diameter of the sun. 

AmoMii From this, we perceive, that 33' 0" is the amount of re- 

w'iMi"ii"" fraction at the horizon. 

Thus, by talcing observations at all intervals of time, between 
the zenith and Ike horizon, tee can delermirw the refraction cone- 
aponding to every deffree of altitude. 

( 35. ) In the last article, we carried the observer to tlie 
equator, to make the ease clear; but the mathematician neea 
not go to the equator, for he can manage the (s»ea wl^creve- 
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be majle — he takes into consideration the ouryes, ae men- chm. 
tioned in Art. 33 

If it were nut for refiactioD, the curyes round tlie pole Tbeo 
would be perfed circles, and the mathematician, bj means ot ™»''cia 
the altitude and azimuth, whieh can be taken at anj and 6„j,„g 
evorj point of a enrve, can determine bow much it deviates nmoam 
from a circle, and from thenoe the amount of refractinn, or 
nearly the amount of reiraetion, at the several points. 

By using the refraction thus imperfectly obtained, he can 
correct his altitudes, and obtain bis latitude, to considerable 
aecuracy. Then, by repeating his observations, he can fur- 
ther approximate to the refraction. 

In this way, by a multitude of observations and oomputa- 
ti ins, the table of refraction ( which appears among the tables 
of every astronomical work } was established and drawn out. 

( 36. ) The effect of refraction, as we have already seen, is Refti 
to increase the altitude of all the heavenly bodies. There- '"""" 
fore, by the aid of refraction, the sun rises before it otherwise htn 
would, and docs not set as soon aa it would if it were not 
for refraction ; and thus the apparent length of every day ia 
increased by refraction, and more tfian half of the earth's sur- 
face it conatajitly Uluminaieii. Tbe extra illumination is equal 
to a zone, entirely round the earth, of about 40 miles in 
breadth. 

As tbe refraction in the liorizon is about 33' of a degree, 
(be length of a day, at the equator, is more than/our minutes 
longer than it otherwise would be, and the nights fimr minutes 

At all other places, where the diurnal circles are oblique 
to the horizon, the difference ia still greater, especially if we 
take the average of the whole year 

In high northern latitudes, the long days of summer are £«■« 
very materially increased, in length, by the effects of rcfVac- ""s" 
tion; and near the pole, the sun rises and is kept above the '" "' 
horizon, even for days, longer than it otherwise would be, 
owing to the same eauEc. 

RefiTiction varies very rapidly, in its amount, near the hori- 
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Obit. HI. ton ; and this eauaea a visible diatartioh af botli aun and 
moon, just as they rise or set. 
DiiionioB poj instaDce, when the lower limb of the aun ia juat in the 
ud moon in liorizon, it IS elevated, by refraction, 33'. 
■ho hoiimn Jjut the altitude of the upper limb is then 32', and the 
refraction, at this altitude, is 27' 50", elevating the upper 
limb by this quantity. Hence, we perceive, that the lower 
limb is elevated more than the upper ; and the perpendicular 
diameter of the sun is apparently shortened by 5' 10", and 
the aun is distinctly seen of an oval form, which deviates 
more from a circle below than above. 
An optical fhc apparently dilated aiae of the sun and moon, when 
near the horizon, haa nothing to do with refraction : ii U ti 
mere ilhiaioR, and has no reality, as may be known by apply- 
ing the following means of measurement. 

Boll up a tube of paper, of such a size and dimensions as 
just to tahe in the rising moon, at one end of the tube, when 
the eye is at the other. After the moon rises some distance 
in the sty, observe again with tbia tube and it will be found 
that the apparent aize of the moon will even more than fill it. 

The reaaon of this lUusi n la well underst od by the stu- 
dent of philosophy but wo are tidw t o much engaged with 
realities to be drawn aside to explain lUusi ns pharUoma, or 
any Will'o'-lhe-ieisp 

When small stars are near the hor zon the\ become invi- 
sible; either the refraction enfeebles and dial pates their light, 
or the vapora, which are always floating in the atmosphere, 
serve as a cloud to ob cure them 
Appi[iiii[Dii ^ 37.^ Having shown the poseibiht\ of making a table of 
refraction corres^ onding tc all apparent altitudes we can now, 
by applying its effects to the observed altitudes of the cir- 
cumpolar stars, obtain the true latitude of the place of obiier- 
vation. 

Let it be borne in mind, that the latitude of any plaiie on 
the earth, w /A< indinalion of its senilh to the plam of the 
equator ; which inclination U equal to the altitude of the /wfo 
nbove th4 horizon. 

We demonstrate thia aa followa. Let E ( Fig. 4 ) repre- 
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ACTION 




sent the oartb. 

Now, aa an ol: 

aerver always cor 

ceiyea himself t 

Le on the topmost I 

part of the earth, | 

■■ihe vertical point, 

2, truly and natu- 
rally represents his I 

zenith. Through E. draw HE 0, at i ^ 

then HE wdl represent the horizon ( for the horizon is 

always at right angles to the zenith ). 

Let E Q represent the plane of the equator, and at right 

angles to it, from the center of the earth, must be tM earlKs 

axis; tlierefore, £ F, at right angles to E Q, is the direction 

of the pole. 

Now the ares, - - ZP+-PO=90° 
Also, - ^ - 2/'-fZe=90° 



> EZ; 



By suhtraetion. - PO—ZQ=^', 

Or, by transposition, the are PO = ZQ; that is, the 
altitude of the polo is equal to the latitude of the place ; 
which was to be demon atrated. 

In the same manner, we may demonstrate that the arc 
ff g is equal to the arc Z P ; that is, the polar distance of 
the zenUh is equal lo Ihe meridian altUude of the ceUstial squa- 
lor. Now, we perceive, that by knowing the latitude, we 
know the severaf divisions of the celestial meridian, from the 
northern to the southern horizon, namely, OP. P Z. Z Q, 
and QH. . 

( 38.) "VVe are now prepared to observe and determine the 
declinations of the stars. 

The declination of a star, or any ceUsHal oiged, is lit nuri- ^ 
diart distance from the celestial equalar. 

This corresponds with latitude on the earth, and declination 
might have been called latitude. 

The term latitude, as applied in astronomy, is to be de- 
fined hereafter. 
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'"■ '" - To determine tbe declinatian of a star, we must obseiro 

How 10 tta meridian altitude ( by some inetnimeDt, say the mural 

uionof'i "'^"^^^ ^'g- ^ )' '^"^ correct the altitude for refraction (see 

table of refraction ) ; the difference will be the star's Ime 

oltUude. 

If t}ie true meridian allUude of the star is less than the meri- 
dian altitude of the celestial epiotor, then the declination of tki 
star is south. If the meridian altitude of t/te star w ffrtaier 
than the meridian altitude of the e^fuator, tlim the declination tf 
the star is north. 

These truths will be apparent by merely inspecting Fig. 4 



_^B.B.iBpi.. 1. Suppose an observer in the latitude of 40° 12' 18" 
umiJ i-LId "0''*''' ohserves the meridian altitude of a star, from the 
10 lini .n, southern horizon, to be 31° 36' 37"; what is the declination 
"ulot^*""'^^ that star? 

From 90° 0' 00" 

Take the latitude, - - - 40 12 18 

Diff. is the meridian alt. of the equator, 49° 47' 42 

Alt. of star, 31° 36' 37" 
Refraction, 1 32 

True altitude, 31° 35' 5' - - 31° 35' 5" 



Declination of the star, gouth, - - 18° 12' 37" 

2. The same observer finds the meridian altitude of an- 
other star, from the Bouthem horizon, to be 79° 31' 42"; 
what is the declination of that star^ 



Observed altitude, 
Refraction, 


- 79° 31' 


42" 
11 


True altitude, 
Altitude of equator, - 
Star's declination, north, - 


- 79 31 

49 47 

- 29° 43' 


31 

42 
49" 



3. The same observer, and from the same place, finds the 
meridian altitude of a star, from the northern horizon, to be 
51= 29' 53" ; what is the declination of that star? 
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ObBeivud altitude, - - - 51° 29' 53' i 

Refraction, - . . . 46 

True altitude of star, - - - 61 29 7 

Altitude of pole ( or latitude ), - 40 12 16 

Star from the pole ( or polar dist. ), 11 16 49 

Polar dist., from 90°, gives decl., north, 78° 43' 11" 
In thia way the dedivation of every star in the visible 
heavens can be determined. 

( 39.) Ill Art. 28 we have explained bow to obtain the 
difference of the right ascensions of the stars ; and in the last j) 
article we have shown how to obtain their dedinalums. 

With the dedmalkins andd^ermces itfrighi aicmmna, vteraay 
mark down the positions of all the stars on a globe or spJi^re — 
iAe true represenlalion of the abearance of the heavens. 

Quite a region of stars exists around the south pole, which 
are never seen from these northern latitudes; and to observe 
them, and define their positions. Dr. Halley, Sir John Her- 
schel, and several other English and French astronomers, 
have, at different periods, visited the southern hemisphere. 
Thus, hy the accumulated labors of the many astronomers, 
we at length have correct catalogues of all the stars in both 
hemispheres, even down to many that are never seen by the 
naked eye. 

( 40.) In Art. 28, we have explained how to find the dif- 
ferencet of the right ascensions of the stars; but we have not nj 
yet found the ohanhUe right ascension of any star, for the want ■'' 
of the first meridian, or zero line, from which to reckon. But 
astronomers have agreed to take that meridian for the zero 
meridian, which passes through the sun's center the instant 
the aun comes to the celestial equator, in the spring { which 
point on the equator is called the equinoctial point); but the 
diffiadiy is lofind exaedy where { near what stars ) this meridian 
line is. Hefore we can define this line, we must talto obser- 
vations on the sun, and determine where it crosses the eqtia- 
tor, and from the time we can determine the jrface. But be- 
fore we can place much reliance on solar observations, we 
must ask ourselves this question. Has the sun an^ ]'orallax ^ 
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IP. Ill- that U, ia the position of the snujusl where it appears to be* 
la it really in the plaae of the ec^uator, wlicn it appears to be 
there V 
r»ii»i. To all northern observers, is not the sun thrown hack on tho 
face of the sky, to a more southern position than the one it 
really occupies? Undoubtedly it ia; and tliis change of 
position, caused by the locality of the obaerver, is called paral- 
lax; but, in respect to the sun, it is too mnoU to be considered 
in these primary observations. 

The early astronomers asked themselves these questions, 
and based their conclusions on the following consideration : 
n') pi- \i thfi swam materially pr<yecttd Old of Us true pUiee ; ifitis 
I iOMii- t])ro„n to the smdhward, as seen by a northern o&sei-uer, it 
obMnfc will cross the equator in the spring sooner than it appears 
'■ to cross. 

But let an obs b th th h j h d t 

nira, the sun would b pp tly th w t th h 

and it would oi?w t th j t b f 11> d d 

cross. Hence, if th th w t f p! b p 11 

an observer in the th h pb w Id d d h t tl 
sun crossed the eq t 4 k b 1 t t th tl t 

which would eorr p d tl b t 

Nonum Hut, in bringing b n t t tl t t t w f d th t 
"ttiiona '''^''1^ northern and h b fi d t m 

p.«d. very nearly the sa 1 1 t t f tl g tl 

equator. This p th t 1 p t f th waa t 

sensibly affected bj p 11 

We will now supp ( f th k f aimpl y) th t 
wdereal clock hast gltdt tth tf 

Bdereal time ; th t 4 h b tw y tw 

successive transit f th m t th sam m d 

but the sidereal t m I l 

Also, suppose th t t th Ob t y f Q w I 
the year 1846, tbfCwgb t w md 



" In early limes, such observations were often made. We look these 
lesulU from the Naulioal Almanac, and cbIIbJ them obBervations ; but, 
for the purpose of showing principles, it la Immaterbl wliotheT ob^er- 
rations are real or imaginary. 
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EQUINOCTIAL POINT. 



D»te. 


Face of Ihe Side- 


Declination by ObseTva. 


real Clock. 


( Art 38. ) 


March 18, 


h. m. s. 
1 3 20.00 


58 53.4 south. 


'■ 19, 


1 6 58.62 


35 11.3 ■• 


" 20, 


1 10 .37.10 


11 29.4 " 


" 21, 


1 14 15.47 


12 12.0 north. 


" 22, 


1 17 54.07 


35 52,0 '■ 



Jftvm these (Aserva^am, it is retpiired to determine the sidereal 
lime, or the trrvr of the clock; the time that ihe mn crossed the 
equator; the sun's right ascenaiffa; its longitude, and the oMt- 
quity of the ecliptie. 

It is understood that the observations for declinations uniHt 
bavc been meridian observations, and, of course, ranst have 
heen made at the instant of apparent noon, local solar tinio. 

By merely inspecting those observations, it will be perceived 
that the sun must have crossed the equator between the 20th 
and 21st ; for at the apparent noon of the 20th, the declina- 
tion was 11' 29".4 south ; and on the 21st, at apparent noon, 
it wafi 12' 12'' north. Between these two observations, the 
clock measured oid 24 h. y m. 38.37 s., of sidereal time. 

If the sun haa not changed its meridian among the stai'S, 
the time would have been just 24 hours. The excess 
{ 3 m. 38.37 s.) must be changed into arc, at the rate of four 
minutes to one degree. Hence, to find the arc, we have this 
proportion : 

As 4™ : 3"^ 38.87*- : : 1" : to the required result. 
Thereaultis 54' 3-5".4; the extent of are which the sun 
changed right ascension during the interval between noon and 
noon of the 20th and 21st of March. 

To examine this matter understandingly, draw a line SQ 
( Fig. 5 ), and make it equal to 54' 35" .4. 

From E, draw E S at right angles to EQ, and make it 
equal to 11' 29".4. From Q, draw QN^ at right angles to '" 
EQ, and make it equal to 12' 12". Then 5" will represent 
the sun at apparent twon, March 20th, and y the position of 
the sun at apparent noon on the 2l8t, and Syh the line of 
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the object i 



S Q is crossed by tlio line S iV; c 
£ T, expressed in time. 

To facilitate tlie computation, continue E S to J\ iijaking 
SP=QN, and draw the dotted line P Q. Then SP QN 
is a parallelogram. EP=IV 29".4-}-12' 12"=23' 41".4; 
and the two triangles, .P .ff § and SB <f, arc similar; there- 
fore we have 

PE : EQ :: SE : E'^. 
To hare the value of E t, in lime, E Q must he taken in 
time; which is 3m. 38.37 s. 

Hence, (23'41".4) ; (3-"- 38.37'- ) : 11'29".4 : E^. 

The result gives, El'^1'"- 45.91'- 

But the clock time that the point E passed the meridian, 

was Ih. 10m. 37.10b. 

Add, 1 45.91 

""" "f The equi. passed mcrid. (hj clock) at 1 h. 12 m. 23.01 

But, at the instant that the equinox is on the meridian^ 
the sidereal clock ought to show Oh. Om. Os. 

The error of the clock was, therefore, Ih. 12 m, 23,01 e 
( STihtractive ) 
Bon'. rifM As the whole line, EQ (in time ), is - 3 m. 38,37 s. 
iMuHHL ^uj jjjg p^^ Et is - • ■ 1 45,91 

Therefore, T Q is - - - - 1 m. 52.46 
But fp Q is the riffhl ascension of the sun at apparent noon, 
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EUUINOCTIAL POINT, 
at Orecnwioh, on the 21st of March, 1846; a. verj imrortaut chai 

The right aacension of any heavenly body, whether it he h 
MOT, rno&n, slor. or planet, is the true sidereal time that it *°^J 
passes the meridian ; and nnw, as we have the error of the „^g„ 
clock, we (.-ail determine the true sidereal time that any star '''" 
passes tlie meridian, and, of course, its i^ht ascemion , thus. ,^j' ^ 
for example. 

If a star passed the meridian at - In h. 15 m 47 s 

Error of the clock is (sub tractive) 1 12 -0 

Right ascension of the star is - 9 h. 3 m. 24 s. 

( 42.) To find the Cfreenmck af^arent Urns, when the sun 

crossed the equinos, we refer to Pig. 5 ; and as the point E 

corresponds to apparent noun of March 20th, and tho Q to 

apparent noon of March lilst. and supposing the motion of 

the sun uniform { as il is nearly') for thai ihort inlenxil, w< 

have the following proportion: 

EQ : Erp : : 2ih. : x. 
Giving to £!Q and S^ their numeral values in seconds of 
sidereal time, the proportion becomes : 

218".37 : 105".91 : : 24h. : ar. 
The result of this proportion gives 11 h. 38 m. 24 a f^r (ke t« 
interval, after the noou of the 20th of March, whec the sun "" ' 
crossed the equator. 

This result is in apparent time. The differeii(.( between 
apparent time, and mean clock time, will be es-p^ained here- 
after. At this period, the difference between ihi sun and the 
common clock was 7 m, 30 s.. to be added lo apparent time 
Equinox ofl846, March - - 20d llh. 38m. 24s. 

Equation of time (add), - 7 36 

Equinox, clock time (Greenwich), 20 d. 11 h. 46 m. 
(43.) Tho two triangles, SS'T' and 'rQN, are really ^ 
spherical triangles ; but triangles on a sphere whose sides are "f "' 
leas than a degree may bo regarded as plane triangles, with- ^^^^ 
lut any appreciable error. In the triangle £!S<y, 
ffT=1588".65, J'5^=689".4: 
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^JU■ and, if we regard these seconds of arc as mere namerais, and 
calculate tlie angle ^ t 5, we find it 23° 27' 43" ; which Is 
the obli^tdlf/ of tlie ecliptic. 

•• !"■ By comptUivg the length of the line S Jf, we find U 59' 30"; 
whKh mas tlie variation in tke sun's lon^ituiie, beiieeen the noon i^ 
the 201/1 and 2\st. 

Both longitude and right ascension are reckoned from thi 
equinoctial point qc : lon^tude along the line T" -V ( which 
line is called the ecliptic), and right ascension along the 
celestial equator T Q. 

Computing the length of the line T K, we find it equal to 
30' 36". 6; which was the sun's longitude at the instant of 
apparent noon, at Greenwich, March 21st, 1846. 

titide. Meridians of right ascension areat right angles to the celestial 

'"Vm ^l""'*"" ( ^* ^'S^* angles to T © )- The first meridian runs 
ii„( through the point T- Meridians of latitude are at right 

""' angles to the ecliptic (at right angles to the line Sy). La- 
titude, in astrorumy, is reckoned north ami amiik of the ecliptic. 

Thus a star at m (Fig. 5), t' n would be its longitude, nm 
its north latitude, fp o its right ascension, and omits north 
declination. 

iofihe (44 ) Thus, it may be perceived, that these observations 
are very fruitful in giving important results; hut, as jet, we 
have used only two of them — those made on the 20th and 21st. 
By brining the other observations into romputation, and 
extending Fig. 6, we can find the points where the sun was 
on the other days mentioned; and then, by tailing observa- 
tions every day in the year, the sun's right atcemion and lon- 
ffiivde can be determined for every day, and its csact path- 

ph of '™y through the apparent celestial sphere. The same kind 

. how of observations taken on the 20th, 21st. 22d, 23d, and 24th 
days of September, will show when the sun crosses the equa- 
tor from north to south; and how long it remains north of the 
equator, and how long south of it. In March, 1847, the 
same observations might have been made, and the exact 
length of an eguinociial year determined : and in this way that 
itnpmiant interval has been decided, even to seconds. 

The true length of an equinoctial year was early a very 



„Googlc 



SOLAR YEAR 4* 

interesting problem to astronomers; and, before they had cmr. in. 
good clocks and refined instruments, it wag one of some diffi- 
culty to settle. But tbe more the difficulty, the greater the 
zeal and perseveranoe ; and we are often astonished at the 
accuracy which the ancients attained. 
The length of the equinoctial year, as stated in the tables of 

Ptolom*e,is - - - - 3G5 5 55 12 

Tycho Brahe, made it - - 365 5 48 45 

Kepler, in his tables, - - - 365 5 48 57 
M. Uasbini, in liis tables, - - 365 5 48 52 
M. Pe Lalande, - - - - 365 6 48 45 
Sir John Herschel, - - - 365 5 48 49.7 

The last cannot differ from the truth more than one or tvio soUi **» 
leconds. Let the reader notice that this is the equinoctial "J**"' 
year — the one that must ever regulate the change of aea- 
sona. There is another year — the sidereal year — which is 
about 20 minutes longer than the equirtoelial year. Ttu side- 
real year is the time elapsed from the departure of the sun 
from the meridian of any star, until it arrives at tAe some 
meridian affoin, mid consists of 365 d. C A. 9 m. 9 #. 

As the stars are really the fised points in space, this latter caai. or 
period is the apparent revolution of the sun ; and the shorter ' """■ 
period, for the equinoctial year, is caused by the motion of 
the equinoctial points to the westward, called the precamm 
ff ike equinoxes. Since astronomers first began to reeord 
observations, the fixed stars have increased, in right ascemton, 
about 2 hours in time, or 30 degrees of arc. 

The mean annual precession of the equinoxes is 50".l of 
arc; which will make a revolution, among the stars, in 25868 

• The computatfon Is thns i As 50".l is to the number of aeconda In 
360 degrees ; so is one year (o the number of years. Which giveB 
25863 years, nearly. 

We say, the Etara Increase in right ascension ; and this Is tme ; bDl 
the Btarada not move — they are liied ; the ineridlan movei from tha 
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CHAPTER IV. 



OP THB HEAVENS, 



* ^"- "^ - (45.) The fixed stars aro the only lavdmaris m astronc- 
Onapi of my, in respect to both time and space. Ttey seem to bave 
' *"■ been thrown about in irregular and ill-deSned groups and 

clusters, called contlellalions. The individuals of those groups 
and clusters differ greatly as to brightness, hue, and color ; 
but they all agree in one attribute — a high degree of perma- 
nence, as to their relative positions in the group; and the 
gi-OTips are as permanent in respect to each other. This has 
procured tliem the title of ficed stars; an expression which 
ri,uat be understood in a comparative, and not in an absolute, 
sense ; for, after long investigation, it is ascertained thai 
some of them, if not all, are in motion ; although too slow to 
bo perceptible, except by very delicate observations, conti- 
nued through a long series of years. 
Migni- The stars are also divided into different classes, according 
" rV ° ' * to tlieir degree of brilliancy, called magniiudes. There are 
six magnitudes, visible to the naked eye; and ten telescopic 
magnitudes — in all, sixteen. 

The brightest are said to be of the first magnitude ; those 
less bright, of the second magnitude, etc. ; the sixth magni- 
tude is just visible to the naked eve. 
Una iiai The Stars are very unequally distributed among these 
»f iho Snt classes; nor do all astronomers agree as to the number be- 
■•(iiitu •. jojj^jjg to each; for it is impossible to tell where one class 
ends, and another begins; nor is it important, for all this is 
but a matter of fancy, involving no principle. In the first 
magnitude there is really but one star ( Sirius ) ; for this is 
manifestly brighter than any other; but most astronomers 
put 15 nr '20 into this class. 

The second magnitude includes irom 50 to 60 ; the third, 
about 200, the numbers increasing very rapidly, as we descend 
in the scale of brightness. 

From some experiments on the intensity of light, it has 
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been determined, that if we put the light of a star, of the <»«'- '▼■ 

average 1st magnitude, 100, we shall have : 

1st magnitude = 100 4th magnitude = 
2(1 " = 25 5th ■' =2 

3d " =12 eth " =1 

On this scale, Sir William Heraohel placed the brightness of 
Sinus at 320. 

Ancient astronomy has come down to us much tarnished 
with superstition, and heathen tm/thoiogy. Every constella- 
tion bears the name of some pagan deity, and is associated 
with some absurd and ridiculous fable; yet, strange as it may 
appear, these masses of rubbish and ignorance — these clouds 
and fogs, intercepting the true light of knowledge, are still 
not only retained, but cherished, in many modern works, and 
dignified with the name of astronomy. 

Merely as names, either to constellations or to individual AKieii- 
stars, we shall make no objections; and it would be useless, ^J"™,^ 
if we did ; for names long known, will be retained, however nma. 
improper or objectionable ; hence, when we speak of Orion, 
the Lklte Dog, or the Great Bear, it must not be understood 
that we have any great respect for mythology. 

It is not our purpose now to describe the starry heavens — 
to point out the variable, dmMe, and multiple stars — the 
Millcy Way and nebulte; these will receive special attention 
ia some future chapter : at present, our only aim is to point 
out the method of obtaining a knowledge of the mere ap- 
pearance of the sky, to the common observer, which may bo 
called the geography of the heavens. 

To give a person an idea of locality, on the earth, we refer 
to points and places supposed to be known. Thus, when we 
say that a certain town is 15 miles north-west of Boston, a 
ship is 100 miles east of the Cape of Good Hope, or a cer- 
tMQ mountain 10 miles north of Calcutta, we have a pretty 
definite idea of the localities of the town, the ship, and the 
jiountwn, on the face of the earth, provided we have a clear 
idea of the face of the earth, and know the position of Boston, 
the Cape of Good Hope, and Calcutta. 

So it is with the geography of the heavens ; the apparent 
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i»». IV. aurface of tbe whole heavens must be in the mind, and then 
the localities of certain bright stars must be known, as land- 
marks, like Boston, the Cape of Good Hope, and Calcntta. 
»• iiMiii We shall now make some effort to point out these land' 
"* ■ mnria. The jVorfA Star is the first, and most important to 
be recognized ; and it can always be known to an observer, in 
any northern latitude, from its stationary appearance and alti- 
tude, equal to the latitude of the observer. At tlie distance of 
about S2 degrees from the pole, are seven bright stars, between 
the 1st and 2d magnitudes, forming a figure resembling a 
rftjjper.fourof them forming the cup, and three the handle. The 
two forming the sides of the cup, opposite to the handle, aio 
always in a line with the North Star ; and are therefore called 
pointers : they alwaip point to the Ntxrth Star. The line join- 
ing the equinoxes, or the first meridian of right ascension, 
runs from the pole, between the other two stars forming the 
cup. The first star in the handle, nearest the cup, is called 
Alioth, the next M'lzar, near which is a small star, of the 4th 
magnitude; the last one is BenMnasch. The stars in the 
handle are said to be in the tail of the Great Bear, 

About four degrees from the pole star, is a star of the 3d 
magnitude, ■ Ursfs Minoris. A line drawn through the pole 
(not pole star) and this star, will pass through, or very near, 
the poles of the eeliptic and the tropics. A small constella- 
tion, near the pole, is called Ursa Minor, or the Little Bear. 
An irregular semieirele of bright stars, between the dipper 
and the pole, is called the Ser]ient. 
ompii.rT If a line be drawn from " Ursw Minons. through the ]iole 
'i ^™ star, and continued about 45 degrees, it will strike a very 
beautiful star, of the 1st magnitude, called Capella. "Within 
five degrees of Capella are three stars, of abont the 4th mag- 
nitude, forming a very exact isosceles triangle, the vertioa! 
angle about 28 degrees. A line drawn from Alioth. through 
the pole »tar, and continued about the same distance on the 
other side, passes through a cluster of stars called Cosgiopia 
in her chair. The principal star in Cassk^ea, with the pole 
star and Capella, form an isosceles triangle, Capella at the 
vertex. 
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( 46. ) More attention has been paid to the const ellationt. cm i. it, 
aloug the equator and ecliptic, than to othera in remoter Ecii)>ik 
regions of the heitvens, hecauso the sun, muon, and planets, ''•^''•''■ 
traverse through them. The ecliptic is the sun's apparent 
annual path among the stars ( no called hecause all eclipses, 
uf both sun and moon, can taie pJaoe c;j]y when the moon is 
either in or near this lino). 

Eight dogrecs on each side of the ecliptic is called the 8i|ni •! 
zudUtc ; and this space the ancients divided into 12 equal ^^"' 
parts (to correspond with the Vi mouths of the year), and 
each part (30*) is called a sij^n— *and the whole, the 
signs of Ike zodiac. These divisions are useless; and, of late 
years, astronomers have laid them aside ; yet custom and 
superstition will long demand a place for them in the common 
almanacs. 

The signs of the zodiac, with their symbolic eharaeters, are 
as follows: AriesT, Taurus'ti, Qendmn, Cancer go, Zeo fl, 
Virgo i?f. Libra ^, ScwpioV[, SagiUarim $ , Capricomus fS , 
Aquarius ^, Piices 5^. 

Owing to the precession of the equinoxes, these signs do 
not correspond with the constellations, as originally placed ; 
the variation is now about SO degrees; the stars remain in 
their places ; and the first meridian, or first point of Aries, 
has drawn back, which has given to the stars the appearance 
of moving forward. 

Beginning with the first point of Atws as it now stands, m«u»iio- 
no prominent star is near it; and, going along the ecliptic to tnoing ih, 
the eastward, tliere is nothing to arrest special attention, 
until we come to the Pldades, at Seven Stars, though only 
sis arc visible to the naked eye. This little cluster is so well 
known, and so remarkable, that it needs no description. South- 
east of the Seven Sfars, at the distance of about 18 degrees, 
is a remarkable cluster of stars, said to be in the Bull's Head; 
the largest star in this cluster is of the 1st magnitude, of a 
red eolor, called Aldebaran. It is one of the eight stars se- 
lected as points from which to compute the moon's distance, 
for the assistance of navigators. 

This cluster resembles an A when east of the meridian, anO 
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'■"^■y- a V wlieii west of it. The Seoen Skirs, Aldebaran, and Ca- 
pella, form a triangle very nearly isosceles — Capella at the 
vertex. A line drawn from the Seven Stars, a little to tha 
west of AMebarmt, will strike the most remark able eonstella- 
tion in the heavens, Oiion ( it is out of the zodiac, however ) : 
some eaU it the Ell and Yard. The figure is mainly distin- 
guished hj three stars, in one direction, within two degrees 
of each other ; and two other stars, forming, with one of the 
three first mentioned, another line, at right angles with the 
first line. 

The five stars, thus in lines, are of the 1st or 2d magnitude. 
A line from the Seven Stars, passing near Aldebaraa and 
through Orion, will pass very near to Sirius, the must bril- 
liant star in the heavens. The ecliptic patsscs about midway 
between the Seven Stars mid Aldeharan, in nearly an eastern 
direction. Nearly due east from the northernmost and bright- 
est star in Orion, and at the distance of about 25 degrees, is 
the star Proeyoa; a bright, lone star. 

The northernmost star in Oi'wn, with Sirius and Proa/on, 
form an equilateral triangle. 
Tiw coo- Directly north of Frocyon, at the distances of 25 and 30 
*""'"'" degrees, are two bright stars, Castor and PoUux. Castor is 
irtion, and the most northern. Pollux is one of the eight htnar stars. 
iibie e»(r7 ihua (ye rright run over that portion, of the heavens which is 
ig ihs win sver visible to us, and by this method every student of astro- 
' "ijon. iiomy cap render himself familiar with the aspect of the sky ; 
but it is not sufficiently dyinite and adentific to satiijfj a ma- 
thematical mind. 

(47.) The only scientific method of defining the position 

of a place on the earth, is to mention i\»iaiitude a.nA lonffiiitde ; 

and this method fully defines any and every place, however 

iinimportant and unfrequented it may be : so in astronomy, the 

only scientific methods of defining the position of a star, is to 

mention its latHude and longitude, or, more conveniently, its 

Gtwiit '"'V'' ascension and declination. 

i btdafl. It la not sufficient to tell the navigator that a coast makes 

* *™*P- qQ (jj y^ch a direction from a certain point, and that it is so 

ftcuiy. i'-f '' '■ certain cape: and, from one cape to another, it is 
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abml 40 miles sfiuth-west — be would place very Httle reli- Ci 
ftnoe on any such dir ct s To secure h » respect a d 
eommanJ his cl fid n ihn la li de and longiiud ot C¥e j 
point, promontorj r ver and ha. bor al g the coast niu t he „ 
given; and thei he ca shape hseuset ajp 
strike in upon it fron tl e defin te expa s of a j athle s s a 
So with an astronomer , whde he understands and apprccutcs 
the rough and general descriptions, such as we have just given, 
he requires the certain description, comprised in riff/ii ascension 
and declination. 

Accordingly, astronomers have given the nfffd ascetisions 
and declinations of every visible star in the heavens ( and of 
very many that are invisible), and arranged them in tables, 
in the order of right ascension. 

There are far too many stars, for each to have a proper • 
name; and, for the sake of reference, Mr. John Bayer, of •*'^' 
Augsburg, in Suabia, about the yeaj 1603, proposed to denote 
the stars by the letters of the Greek and Roman alphabets ; 
by placing the first Greek letter * to the principal star in 
the cOTisteUation . to the second in magnitude, y to the 
third, and so on ; and if the Greek alphabet shall become 
exhausted, then begin with the Roman, a, b, c, etc. 

" Calcdoffues of particular stars, in sections of the heavens, 
have been published by different astronomers, each author 
numbering the individual stars embraced in his list, according 
to the places they respcotivoly occupy in the eataiogue." 
These references to particular catalogues are sometimes 
marked on celestial globes, thus: 79 II, meaning that the 
star is the 79th in Herschel's catalogue; 37 M, signifies the 
37th number in the catalogue of Mayer, etc. 

Among our tables will be found a catalogue of a hundred 
of the principal stars, inserted for the purpose of teaching a deji- 
mteand scieniifc method ofmakfnff a learner acgvainted vfiih lh« 
geography oftlie heavens. 

To have a clear understanding of the method we are about 
to explain, we again consider that right ascension is reckoned 
from the equinox, eastward along the equator, from Oh. to 
24 hours. When the sun comes to the equator, in March, its 
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rv. right ascension is 0; and from tliat time its right aBcenainn 
increases about four minutes in a day, ttroughowt the year, 
to 24 hours; and then it is again at the equinox, and the 1A 
hours are dn^rped. 

i, i. But whatever be the right ascension of the sun, it is appa- 
rent noon when it cornea to the meridian ; and the more east- 
ward a body is, the later it is in coming to the meridian. Thus, 
if a slar comes to the meridian ai two o'clock in the aftemocn 
( apparent lime ), itts because its nghi mcension is two nocas 
GREATER than the T'ffl/l ascension of the sun. 

Therefore, if from the right ascension of a star we subtract 
the right ascension of the sun, the remainder will be the time 
for that star to eome to the meridian. 

•tion ^^ ^'^ P"^* C -S * ) to represent the star's right ascension, 
R- and ( It Q) to represent that of the sun, and T to represent 
the apparent time that the star passes tho meridian, then we 
shall have the following equation : 

By transposition . . ^*=7iQ-|-7': 
That is, the right aseendon of a star (^or any celestial hody ), is 
equal to the right ascenwm of the aun, increased by tlie time thai 
the star (^or body ) conies to the meridian. 

The right ascension of the sun is given, in the Nautical 
Almanac ( and in many other almanacs ), for every day in the 
year, when the sun is on the meridian of Greenwich ; but 
many of the readers of this work may not hd,ve such an alma- 
nac at hand, and, for their benefit, we give the right ascen- 
sion for e\ery fifth day of the 3earl846 (Table III): the 
local time is tho apparent noon at Greenwich. 

We talte the year 1846, because it is the second year after 
leap year; and the sun's right ascension for any day in that 
year, will not differ more than (wo minittes from its right 
ascension, on the same day, of any other year ; and will eor- 
ropond with the right ascension of the same day in 1850, by 
adding 7yV seconds ; and so on for each succeeding period 
qf four years. 

To apply the preceding equation, the observer should ad- 
just his watch to apparent time; that is, apply the eqiiatioo 
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of time, and know the direction of his meridian, at least c 
approximately. In short, bj the range of defiuite objects, 
he must be able to decide, within Iwo or three minutes, when a 
celestial body is on his meridian. 

Thus, all prepared, wc will giye a few 

EXAMPLES. 

1. On the 20(A of May ( no matter what year, if not many 
years from 1850 ), in the lalUwle of 40° N., and ImgUude of " 
80° W.,al 9 A. 24m. in the evening, dock time, I observed a 
lone, hrighl stnr, of about the 2d magnUude, on t/>e meridian. It 
had a Uand, white light; and. as I had no instnawnt to -ma- 
sure its altitude, I simply judged U to be 42°. What star 



We decide the question thus : 

Time per watch. - - - 9 h. 24 m. 00 B. 
Equation of time ( see Table ). add 3 46 

Apparent time, - - - 9 27 46 

Lon. 80° W., equal, in time, to 5 20 00 

Apparent time, at Greenwich, - 14 47 46 

The right ascension of the sun, on the 20th of May ( noon, c»n.ci 
Greenwich time ), is 3 h. 47 m. 15 s. ( see Table HI ). The ■'^ j^* " 
increase, estimated at the rate of 4 minutes in 24 hours, will 
give 1 minute in 6 hours, or 10 seconds to 1 hour; this, for 
14 h. 47 m., gives 2 m. 27 8. 

Hence, the right ascension of the s 

vation. was . - . 

Apparent time of observation, 
Eight ascension of the star, - 

By inspecting the catalogue of the stars ( Table II ), we 
find the right ascension of Spica to l.e 13 h. 17 m. 08 s., and its 
dceUnation, 10° 21' 35". 

But, in the latitude of 40° N., the meridian altitude of the 
telostial equator must be 50°; and any stars south of that 
must he of a less altitude. Therefore, the meridian altitude 
of Spka must be 50°, leas 10° 21'. or 39° 39' ; but the star 



1, at tJie time of obser- 
- 3h. 49 m. 42 s, 

9 27 46 
. 13h. 17m. 289. 



E observed, X simpiy judged to have had i 



1 altitude of 42° 
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• IV. It is very possible that I should err, in altitude, two or three 
degrees ; * lnd,UisM)t posaiUe OM the slar I observed tkould 
he any other star than Spim ; for there is no other bright star 
near it. This is one of the lunar stars. 
H.<jnii Being now certain that this star is gpica, I can observe it 
men"' '" relation to its appearance — the small stars that are near 
it, and the clusters of stars that are about it — or the fact 
that no remarkable constellation is near if In short, I can 
so make its acquaintance as to know it ever after; but I am 
unable to convey such acquaintance to others, by language 
true knowledge, in this particular, demands personal obser- 
vation. 
>'™; -■ On/AfScJcfo^io/^M^y, 1846, «/9// Zi.m.., P. M.,mean 
s find ^me per watdi, a slar of the \st magmtude came to the meridian. 
I was in latUttde 39° K, and about 75° W. The star was of 
a deep red color, and, as near as my ivdgntmt could decide, iii 
altitude toas between 25° avd 30°. Tvio small stars were nea? 
U. and a reTnar&able duster of smalls stars were west and narilt- 
wesi of a, al tilt distances of 5°, 6°, or 7°. Wlua star was this I 
Time per watch, . . . , 9]j_ 34^^ qq^ 
Eqaa. of time ( subtr. from mean time ) 3 48 

Apparent time, - - - - 9 30 12 

Longitude, 75°, equal to - - 5 

Apparent time, at Gireenwicb, - - 14 h. 30"m. 00 a. 
By examining the table for the sun's R. A., I find that, 
On the 1st of July, it is - - 6h. 40 m. 00 s. 
On the 5th, - - - . 6 56 80 

_ Variation, for 4 days, - - . 10 m. 30 s, 

At this rate, the variation for 2 days, 14j hours, cannot be 

• Tan or twenty dogreee, near Ihe horiion, is apparently a miicti 
larger space (han the same number of degrees near the zenith. Two 
•tars, when near the horaon, appear to be at a greater distance aauiider 
than when their altituiles are greater. The variiition is a mere optical 
illusion; for, by applying inslrnments, to measnre the angle in the 
different situations, we find it the same. Unless this fact is taken into 
consideration, an obaorver will always conceive the altitHde of any ob- 
ject to be greater than it really ia, espeoiaily if the altitude ia Imb than 
4S t'egrees. 
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fai from lOm. lOs.; and the right Bficension of the sun, at Cm 
the time of ohservation, roust have been ^n 

Nearly f.h. 50 m. 10 s. ^"^''J 

To which add, apparent time, - - 9 30 12 

Right ascension of the star, - - 16 h. 20 m. 22 s. 

By inspecting the catalogue of stars, I find Anlares to have 

a right ascension of Kih. 20in. 2a. and a declination of SS'^ 4', 

south. 

In the latitude mentioned, the meridian altitude of the 

celestial equator must be - - - 50° 0' 
Ohieatssoulh of thai plam must he less, hence (sah.) 26 4 
Meridian altitude of Antares, in lat. 50°, 23° 56 

As the ohservation corresponds to the right ascension of An- 
lares ( as near as possible, considering errors in observation, 
and probably in the watch ), and as the altitudes do not 
differ many degrees ( within the limits of guess work ), it is 
certain that the star observed was Antarbs. By its peculiar 
red color, and the remarkable clusters of stars surrounding it. 
I shall be able to recognize this star again, without the 
trouble of direct observation 

3. Onthenighto/l!ie20l/io/June,lMG,lalkude4(i°y^.,and 
longiiude 75° W., ail k. 48ffi. past midnight, dock time, lob- ^''*'' 
served a star of the 1st Tnagriitude nearly on the meridian; two 
t^her stars, of about the Sd magnitude, within S°ofit; the three 
stars forming nearly a right line, north and sowth ; the altihide 
of the prineipal star about 60°. What star wets itf 

In these examples, the time must be reckoned on from noon 
to noon again ; therefore 1 h. 48 m. after midnight must be 

written, 13 h. 48 m. 00 b. 

Equation of time, to subtract, - - 1 12 

Apparent time, - - - - 13 46 48 
Lon^tude, - . - - , 5 
Greenwich apparent time, June 20, 18h. 46m. 486 

Sun's right ascension, at this time, - 5 h. 57 m. 40 a 

Time, 13 40 48 

■Star's right ascension, ■ - - 19h. 44 m. 28 « 
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By inspeufing the catalogue of stars, we find the nght 
ascension of Altair 19 h. 43 m. Id s., and its decliaation b° 
2T' N. In latitude 40° N., the declination of &° 'IT N. will 
give a meridian altitude nf 58° 27' ; and, in short, I know 
the atar observed must be AUair, and the two other stars, 
near it. I recognize in the catalogue. 

By taking these ohscrvations, any person may become ac- 
quainted with all the principal stars, and the general aspect 
of the heavens; but no efforts, confined merelj to the atud^ 
of books, will accomplish this end. 

The equation in Art 47 is not confined to a star ; it may 
be any heavenly body, mo<yn, ccfoiet, or planet. The time of 
passing the meridian is but another term for right ascension 
If observations arc made on any bright star, and no corre- 
sponding star is found in the catalogue, such a star wonld 
probably be a planet; and if a planet, its right ascensioii 
will change. 
'' ( 48. ) The whole region of stars south of declination 50° 
,' is never seen in latitude 40° north, nor from any place north 
t)f that parallel ; and, to register these stars in a catalogue, it 
has been necessary for astronomers to visit the southern 
hemisphere, as we have before mentioned; but these stars 
are mostly excluded from our catalogues. Theie are several 
eonstellatiojis, in the southern region, worthy of notice ^ — the 
SmUhem Cross and the Magdlim Clouds. The Southern 
Cross very much resembles a cross ; so much so, that any 
person would give the constellation that appellation. Its 
principal star is. in right ascension, 12 h 20 m , and south 
declination 33°. 

The Magellan Clouds were at first supposed tn he clnnds 
by the navigator Magellan, who first observed them They 
are four in number; two are white, like the Milkj Way, and 
have just the appearance nf little white clouds. They are 
n^ulce The other two are black — extremely so — and are 
supposed to be places entirely devoid of all stars; jet they 
are ia a very bright part of the Milky Way : right ascen- 
■ion 11 li 40 m., declination G 2° south. 
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SECTION IT. 

DESCRIPTIVE ASTRONOMY, 



CHAPTER I. 

i TO TUB DISTANCES OF 1 



(49.) Hitherto we haye con- 
BJilered only appearanues, and 
have not made tlieleaat inquiry 
as to the nature, magnitude, or 
distances of the celestial objects. 

Ahitractly, there is no sucli 
thing as great and small, near 
and remote; re^ariue^y speaking, 
however, we may apply the terms 
groat, and very great, as regard.'! 
hoth magnitude and distance. 
Thus an error of ten feot, in thy 
measure of the length of a 
building, is very great — when 
an error of ten rods, in the mea- 
sure of one hundred miles, would| 
be too trifling to mention. 

Now if we consider the di 
tanoe to the stars, it must 
relative to some measure taken 
as a standard, or our inq^uirieal 
will not be definite, or ever 
telligible. We now make thisl 
general inquiry : Are t/ie heavenly 
(A« earth? Hero, the earth itself 
standard for measure ; and if any body 
.)r even ten times the diameter of the e 




■ remote/roni, 
to be the natural 
;ere but two, three, 
rth. in distance, we 
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Curj. ebouJd call it near; if 100, 200, or 2000 times the diametei 
cf the earth, we should call it remote. To answer the 
inquiry, Are l/u heavenly/ lodlea near or remote? wo must pat 
them to all possihle matheinatical testa; a mere opinion is of 
no value, without the foundation of some positive knowledge. 
Let 1, 2 ( Fig. 6 ), represent the absolute position of two 
stars ; and then, ii A B C represents the circumference of tho 
earth, these stars may be said to be near ; but if o S c repre- 
sents the circumference of the earth, the stars are many times 
the diameter of the tarth, in distance, and therefore may 
Tbtin.o. be said to be remote. If A B C is the circumference of 
ikii r]n»tion *''^ carfh, in rdulion to these stars, the apparent distance of 
psinicd om. the two stars asunder, as seen from A, is measured by the 
angle 1 A 2 ; and their apparent distance asunder, as seen 
from the point B, is measured by the angle 1 B 2 : and when 
the circumference AB C \s very large, as represented in our 
figure, the angle A, between tho two stars, is manifestly 
greater than B. But ii abc is the circumference of the 
earth, the points a and 6 are relatively the same as A and B. 
And, it is an ocular demonsirotim that the angle under which 
the two stars would appear at a is the same, or nearly the 
same, as that under which they would appear at 6; or, at 
least, we can conceive the earth so small, in relation to the 
distance to tho stars, that the angle under which two stars 
would appear, would be the same seen from any point on the 

Tin con- Conversely, then, if the angle under which two stars appear 
is the same as seen from all parts of the earth's surface, it is 
certain that the diameter of the earth is very small, compared 
with the distance to the stars ; or, which is the same thing, 
Ike distance to the stars is many timet the diameter of the earth. 
Therefore observation has long since decided this important 
point. Sir John Herschcl says ; " The nicest measurementj 
of the apparent angular distance of any two stars, itiier se, 
taken in any par s of their diurnal course ( after allowing foi 
the unequal effects of refraction, or when taken at such timet 
that this cause of distortion shall act equally on both ), mani- 
fest iwJ the dujhtf.il perceotible variation. Not only this, bu; 
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&t wbatevor point of the eartii's surface tho measurement is ' 
performad, the results are ab»duldy ideiUieol. No iiistrumenta 
ever y«t invented by man are delicate enough to indicate, by 
an increase or diminution of the angle subtended, that one 
point of tho earth is nearer to or farther from the stars than 
anotlior." 

(50.) Perhaps the following view of this subject will be 
more intellij;ible to the general reader. 

Let z ny 




the part of the 

celestial arc above bis horizon would bo represented \iy AZB, 
and the part below his horizon by A jVB, and tliese ares are ob- 
viously unequal; and their relation would be measured by the 
time a star or heavenly body remains above the horizon, com- 
pared with the time below it ; but by observation ( refraction 
being allowed for), we know that the stars are as long above 
the horizon as they are below; which shows that the ob- 
server is not at z', but at s, and even more near the center; 
so that the uroA Z B, is imperceptibly unequal to the arc 3 
e equal to each other; and the earth 
I point, in relation to the distance to 



yH; that is, they ; 
is comparatively bnt 
the stars. 
This fact 



established, as applied to the fixed «tarB, 
tun, and ^nJMto ,■ but wUh the moon it is differem : that body S! 
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is longer below the horizon than above it; which shows that 
its distance from the earth is at least njcasumljle. 

(51.) Itisimproper, at present, or rather, it is too advanced 
an age, to pay any respect to the ancient notion, that the earth 
is an extended plane, bounded by an unknown apace, inacces- 
sible to men. Cuinmoii intelligence must conviiico even the 
child, that the earth must be a large ball, of a regular, or an 
irregular shape; fur every one knows the fact, that the earth 
has been many times circumnavigated ; which settles the 

,', In addition to this, any observer may convince himself, that 
"- the surface of the sea, or a lake, is not a plane, but everywhen 
convex ; for, in coming in from sea, the higli land, back in the 
country, is seen before the shore, which ia nearer the observer; 
the tops of trees, and the tops of towers, are seen before their 
bases. If the observer is on shore, viewing an approaching 
vessel, he sees the topmast first ; and from the top, downward, 
the vessel gradually comes in view. This being the ease on 
every sea, and on every portion of the eartli, proves that the 
surface of the earth is convex 



5 a globe, or nearly a globe 
■e sufficiently illustrated by 



on every part — hence it must 
These facts, last mentioned, 




( 52.) On the supposition that the eartii is a sphere, there 
are several methods of measuring it, without the labor of 
applying the measure to every part of it. The first, and 
most natural method (which we have already mentioned), is 
that of measuring any definite portion of the meridian, and 
from thence computing the value of the whole circumference. 
« Thus, if we can know the number of degrees, and parts of 
'■ a degree, in the arc ^ iJ (Fig. 9), and then measure the dis- 
tance in miles, we in fact virtually know the whole circumfe- 
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reno8 ; for whatever part the arc -d £ is of 360 degrees, the i 
same part, the number of mUes in A B, is of the miles in the 
whole circumference. 

To find the arc A B, the latitudes of the two points, A and 
B, must be Torj accurately taken, and their difference will 
pve the are in degrees, mimites, and seconds. Now A B must 
be measured simply in distance, as miles, yards, or feet; but 
this is a laborious operation, requiring great care and perse- 
veraoce. To measure direcdy any considerable portion of a 
meridian, is indeed impossible, for local obstructions would 
soon compel a deviation from any definite line ; but still the 
measure can be continued, by keeping an account of the de- 
viations, and redming the measure to a meridian line. 

Let m be the miles or feet in ^ -5 ; then the whole eircum- 
/ 360 m \ 
ference will be expressed by ( — ~Ab) • 

(53.) ■^'hen we know the ^ig. 9 

hight of a mountain, as 
presented in Fig. 9, and at I 
the same time know the dis- 
tance of its visibility from I 
the surface of the earth ; | 
that is. know the line MA ; 
then we can compute the 
line M C, by a simjile theo- 
rem in geometry ; thus 
CMxMB={AAf)-; 



Or. 0M= 



(AMy 




MB 

Now as th3 right hand 
member of this equation is known, CM is known; and aa 
part of it ( MB ) is already known, the other part, B C, the 
diameter of the earth, thus becomes known. 

This method would be a very practical one, if it were not 
for the uncertainty and variable nature of refraction near the " 
horizon; and for this reason, this method is never relied upon, 
although it often well agrees with other methods. As an ex- 
ample under this method, we give the following; 
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A mountain, two roilea in perpendicular bight, was seen 
from sea at a distance of 126 miles. If these data are cor- 
rect, what then b the diamoter of the earth ? 

Solutioni JfC=-^^^=63xl26=7938. 5(7=7936. 

« ( 54. ) This same geometrical theorem serves to eompale 
the dip of the Iwrizon. The true horizon is a right angle from 
the aenitli ; but the navigator, in consequence of the motion 
of his vessel, can never use the true horizon ; he must use 
the sea offing, making allowance for its dip. If the naviga- 
tor's eye were on a level with the sea, and the sea perfeetJj 
stable, the true and apparent horizon would be the same. 
But the observer's eye must always bo above the sea; and 
the higher it is, the greater the dip ; and the amount of dip 
will depend on the higtt of the eye, and the diameter of the 
earth. The difference between the angle A MC (Fig. 9 ). 
and a right angle ( which is the same as the angle A EM), 
is the measure of the dip corresponding to the hight BM. 

For the benefit of navigators, a table has been formed, 
showing the dip for al! common elevations.* 



* The dip is computed thus : 
» Put BG (Fig. 9) =D,BM=h; 

Then I;M= (f-R); ^aA{MAY = GMxMB=(P-ifJi)h. 
By trigonometry, (^EAy : {MAy : : R' : i&n." AEM; 
That is, - - - —1 ■.{I)-\-k')k: : E^ : taa.' AEM. 

For very moderate elevations, A is extremely small, in rela- 
tion to D ; and the second term of the proportion may be 
Dh. (B represents the radius of the tables.) Making thii 
consideration, we have 

-^ I Dk : i R' : tan^AEM; 
4 

Or, - - B I h •.-.iR': taa.^ AEM; 

Or, - - JD : J% : : 2R : tsM.AI!M. 
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( 55. ) All such computation a are made nn the supposition 
that the earth is exactly spherical ; and it is, in fajt, so nearly 
spherical, that no corrections are required in consequence of 
its dcviatiott from that figure. 

After correct views began to be entertained, as to the mag- 
nitude of the earth, and its revolution on an axis, philosophers "' 
concluded that its equatorial diameter might he greater than 
its polar diameter; and investigations have been made to 
decide the fact. 

If the earth were exactly spherical, it is plain that the cui- 
vature over its surface would he the same in every latitude; 
but if not of that figure, a degree would be longer on one part 
of the earth than on another. " Kut,'" says Herschel, ■' when 
we come to compare the measures of meridional arcs made in 
various parts of the globe, the results obtained, although they 
agree sufficiently to show that the supposition of a sphericsl 
Rguro is not very remote from the truth, yet exhibit discord- 
ances far greater than what we have shown to be attributable 
to error of observation ; and which render it evident that the 
hypothesis, in strictness of its wording, is untenable- The 
following table exhihiti the lengths of a degree of the meri- 
dian ( astronomically determined as above described), ex- 



By inspecting this last proportion, it will be perceived that 
the tangent of the dip varies as the square root of the eleva- 
tion. To apply this proportion, we adduce the following 

The diameter of the earth is 7912 miles; the elevation of 
the eye, above the surface, is ten feet. Whxil is t/ie dip? 















Product of the me 


ansClog.), - - - - 


10.801030 


D miles, 7912, - 


- log. - 3.898286 




Feet, - 5280. - 


- log. - 3.722684 
2 ) 7.620920 




^i> in feet, - - 


(log.) 3.810460 . 


. 3 810460 




tan. 3' 22" - - ■ 


- 6 990570 
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pressed in Britisb Btandard teet, as resulting from aotu&! 
measarcment, made with all poasible care and precision, bj 
commissioners of various nations, men of the first eminence, 
supplied by their respective governments with the best instru- 
ments, and furnished with every facility which could tend to 
insure a suooeasful result of their important labors. 



0„.,. 


LBlitnde 

ofMiddlBOf 


■KUBnd. 


Lmphof 


ObHmri. 


Sweden 

Russia 

BngUnd 

FtanoB 

Prance 


66 3010 

58 17 37 
53 35 45 
46 53 3 
44 51 3 
43 59 

59 19 
33 18 30 
16 8 23 
12 32 31 

131 


i"3ri9" 

3 35 5 

3 57 13 
8 30 
19 22 13 

2 9 47 
1 28 45 
1 13 171 

15 57 40 
1 34 56 

3 7 3 


365782 
365368 
364971 
364872 
364535 
364369 
363786 
364713 
363044 
363013 
362808 


Strnve. 
Roy, Kater. 
Lacaitle, CaEStDi. 
Delambre. Mechaln. 
BoEcovich. 
Mason, Dixon. 
Lacaille. 

Lamhton, Everest. 
Lamblon. 


Amerioa,U.S... 
CapflofG. Hope 




Peru 



h *■ It is evident, from a mere inspection of the second and 
" fourth columns of this table, that Ihe measured letifftk of ade- 
i« ffree increases wklt Hie latitude, being greatest near the poles, 
and least near the equator." 

"Assuming," continues Herschel, "'that the earth is an 
ellipse, the geometrical properties of that figure enable us to 
assign the proportion between the lengths of its axes whicd 
shall correspond to any proposed rate of variation in its cur- 
vature, as well as to fix upon their absolute lengths, eorre- 
sponding to an^ assigned length of the degree in a given 
latitude. Without troubling the reader with the investiga- 
tion (which mav be found in any work on the conic sections), 
it will be suf&cient tu state that the lengths, which agree on 
the whole best with the entire series of meridional arcs, which 
hsTe been satisfactorily measured, are as follow : — 

Feet. Mil«. 

Greater, or equatorial diam., =41,847,426=7925.648 
Lesser, or polar diam., - - =41,707,620=7899.170 
Difference of diameters, or _ jgg 806= 26.478 

polar compression, - - - ■ 
The proportion of the diameters is very nearly that <A 
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298 ; 299, and their difference jj^ of the greater, or a vcrj i 
littJe greater tha ij 

( ftii. ) TUe shipe of the earth thus ascertained by actual 
measurement, is jua what theory would give to a body of 
water equal to ur gl be and rev Iv ng on an axis in 24 
Lours; and this I caused man> ph 1 sochers to suppose that 
the earth was formerly in a fluid state. 

If the earth were a sphere, a plumb line at any point on 
its surface would tend directly toward the center of gravity "'^ 
of the body ; but the earth being an ellipsoid, or an oUaie 
•.pkeroid. and the plumb lines, being perpendicular to the sur- 
face at any point, do not tend to the center of gravity of the 
figure, but to points as represented in Fig. 10. 

The plumb line at Hte-aAs to 

F. yet the mathematical center, ■ 

and center of grayity of the 
figure, is at E. Po at I the 
plumb line tends to the point ff ; I 
and as the length of a degree at E 
A. is to the length of a de; 
at If, so is I G to I/F. 

however, a passage were made j 

through the earth, and a body let djiiji thnmgh it, the body 
would not pass from /to 6: its first lende act/ ai /would be 
toward the point G; but after it passed below the surface at 
/ its tendency would be more and more toward the point E, 
the center of gravity; but it would not pass exactly through 
that point, unless dropped from the point A, or the point C. 

( 57. ) If the earth were a perfect and stationary sphere, po 
the force of gravity, on its surface, would be everywhere the p^"' 
same ; but, it being neither stationary, nor a perfect sphere, „„, 
the force of gravity, on the different parts of its surface, must ii"> 
be different. The points on its surface nearest its center of 
gravity, must have more attraction than other points more 
remote from the center of gravity ; and if these points which 
are more remote from the center of gravity have also a rotary 
motion, there irill be a diminution of gravity on that account. 

Let AB (Fig. 30) represent the equatorial diameter of 
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the earth, iiiid 1> the polar diameter : and it in obvious 
that E will bo the center of gravity, uf the whole figure, and 
'" that the force of gravity at C and D will be greater than at 
any other points on the aurfaoe, because E C, or ED, are 
leas than anv other lines from the point E to the surface. 
The force of gravity will be greatest on the points and JC, 
aiflo, because they are stationary ; all other points are in a 
circular motion ; and circular motion has a tendency to depart 
from the center of motion, atid, of course, to diminish gravity. 
The diminution of the earth's gravity by the rotation on itt 
axis, amounts to its jij part,* at the equator. By this fraij- 

'^ * Let D he the equatorial diameter 

— — —of the earth, /"the versed sine of an arc 

I corresponding to the motion in a second 

me, and c the chord or arc ( for the 

d and arc of so small a portion of the 

im fere nee will coincide, practkaUy 

I spealiing). 

A portion of the earth's gravity, equal 
5 F, is destroyed by the rotation of the earth, and we are 
now to compute its value. 

By proportional triangles, F : c : : c : D; 

Or ''='i ■ ■ (') 

The value of c is found by dividing the whole circumference 
into as many equal parts as there are seconds in the time of 
revolution. But the time of revolution ie 23 h. 56 m. 4 8,, = 




The whole circumference iB (3.1415)7); 

(^M16)D 



By this value of c, we have Eis 

The visible force of gravity, at the equator, is the diatanco 
a body will fall the first second of time, expressed in feet. 
Let us call this distance g. Now the part of gii**ity do»^ 
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fcion, tlieu, is tlie weight of the sea about the equator liglUened, Cmi , i. 
and thereby rendered susceptible of being supported at a 
higher level than at tlie poles, where no such cownieracting 
force exists. 

trojed by rotation, aa we have just seen, is -= ; therefore the 

whole force of graTitj is(^-j--ir- 1 

Our nest inquiry is: mhai part (^ the whale U the part tie- Ra'iooftu 
slrm/ed? Or what part of (^-t--w) is ^? 

Which, by ci 



n, (86164)=c= D (^6164)' 

Hence, 

ffD_ C86164)=g _ (86164)='(16.07) 
c= ~ {3.1416)^D~(3.1416)i'(T925)(5280)' 
By the application of logarithms, we soon find the value of 

_J_ 1 

this expression to bo 288.4. Therefore, ffi> = oaQ ~ 4. - 

We may now inquire, how rapidly the earth must revolve 
on its axis, so that the whole of gravity would be destroyed 
on the equator. That is, so that /"Khali equal ff- Equation 

(1) then becomes, 5=-^. or c=JffD. 

B < as often as c ts contained in the whole circumference, 
IS the corresponding number of seconds in a revolution; th&t 
is. tbo time in seconds must correspond to the exprcBsioD, 

It 



(.3.1416)i) ,„,.,„, ID 
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■ ( 58. ■) It LS tliia centrifugal force itaelf tliat eliaiiged itia 
shape of the earth, and made the equatorial diameter greater 
than the polar. Here, then, we have the same cause, eser- 
eising at once a direct and an indirect influence. The amount 
■■ of the former ( as we may aee by the note ) is easily calcu- 
li, lated; that of the latter is far more difficult, and rec[uires a 
»■ knowledge of the integral calculus, " But it has been dearly 
treated by Newton Matlaurm CUiraut, and many other emi- 
nent geometers; and the result of their investigations is to 
show, that owing to the elliptic form of the earth alone, and 
independently of the centrifugal force, its attraction ought to 
increase the weight of a body in going from the equator to 
the pole, by nearlj its j J„ th pint ; which, together with the 
^■J-j th part, due from centrifugal force, make the whole quan- 
tity y^j th part ; which corresponds with observations as 
deduced from the vibrations of pendulums." — See 2falural 
PhiloiopAy. 

( 59. ) The form of the earth 
_ is so nearly a sphere, that it is 
I considered such, in geography, 
1 navigation, and in the general 
I problems of astronomy. 

'he average length of a dc- 
! is 69J- English miles; and, 
his number is fractional, and 
I inconvenient, navigators haveta- 
I citly agreed to retain the ancient, 
rough cstimale of sisty miles to a degree ; calling the mile a 
geographical mde. Therefore, the geographical mile is longer 
than the English mile. 

B, in feet, = (7925)(5280) ; g = 16,076. By the applii^a- 
tion of logarithms, we find this expression to be 5069 seconds, 
or 1 h. 24m. 29 s.; which is about 17 time? the rapidity of 
its present rotation. 

In a subsequent portion of this work, we shall show how 
to arrive at this result by another principle, and throug 
another operation. 
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CONVERGENCY OF MEKIDIAA'S, .1 

Afi all meridians come together at the pole, it follows that ^«»r_L 
a degree, betweea the raeridians, will become leas and leas as 
we approach tlie pole ; and it is an interesting problem to 

trace the law of decreaae.* __^_^^ - - 

* This law of decrease will become apparent, by inspecting 
Fig. 12. Let SQ represent a degree, on the equator, and 
£Q0 a sector on the plane of the equator, and of course £C 
is at right angles to the axis C P. Let i> FI be any plane 
parallel to EQC; then we shall have the foUowing proportion : 

EG I DI : : -EQ : DF. 
In trigonometry, FC\6 known as the radius of the sphere; 
D I&s the cosine of the latitude of the point D (the nume- 
rical values of sines and eoaines, of aU arcs, are given in trigo- 
nometrical tahlea) : therefore we have the following rule, to 
compute the length of a degree between two meridians, on 
any parallel of latitude. 

Role. — Aa radius is to the cosine (jf the latitude; so is the 
length of a degree on the egucOor, to the length <if a paraUel de- 
gree in thai latUade. 

Calling a degree, on, the equator, 60 milea, what is the Eiu.pi. 
length of a degree of lon^tude, in latitude 42" ? 

As radius (see tabTeJ""' """""""'■ . lO.OOOOOO 
la to cosine 42° (see tahlea). - - - 9.871073 
So is 60 miles (log.), - - - - 1-'?^8151 

Tc 44^Vi miles, 1.649224 

M the latitude of 60°, the degree of longitude is 30 miles; 

the diminution is very slow near the equator, and very rapid 

near the poles. 

In navigation, the DF'a are the known quantities ob- To »du 

tained by the estimations from the log Hne, etc. ; and the ^^^_ " 

navigator wishes to convert them into longitude, or, what 

is the same thing, he wishes to find their values projected on 

the equator, and he states the proportion thus: 
DT : EO :: J>F : FQ; 

That is, as cosine of latitude is to radius, so is d^riure to 

difference of longitude 
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CHAPTER II. 



PAKALLAX, GENERAL AKD HORIZONTAL. RBLATIOS BEl'nKBN 

PARALLAX AN-D DISTANCE. — REAL DIAMETER AND MAQNI- 
TDDE OF TKE MOON. 

( 00. ) PARALI.AX is a subject of verj great irnportanoe id 
astronomy: it is the key to the measure of the planets — to 
their distances from the eartli— and to the magnitude of the 
~' 'o solar system. 



ParoUaa: i 



'^erewe tn posUUm, of any i 



from, tlie center of tin earlh, and from. Us surfac, 

When a body is in the zenith of any obseryer, ;o Aim it has 
no parallax; for he sees it in the same place in the heavens, 
as though he viewed it from the center of the earth. The 
^eatest possible parallax that a body can have, taies place 
when the body is in the horizon of the observer ; and this 
parallax is called kmizmlal parallax. Hereafter, when we 
speaJf of the parallax of a body, IwnzorUal parallax is to be 
understood, unless otherwise expressed. 

A clear and summary illustration of parallas in general, is 
given by Fig. 13. 



Fie. 13. 
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PARALLAX 

direction of Z P, or Zp; and tlio difference in direction, of Chip 
these two liuea, ia parallax. When P is iu the zenith, there 
iH no parallax ; when F ia in the horizon, the angle ZFC ia 
th^n greatest, and is the Jiorixtmiol paroUax. 

We now perceiTe that the horizontal parallax of any body Se 
is eq^ual to the appareni aemidiameter of (lie earlk, as seen from ''"'""' 
the body The greater the distance to the body, the leaa the distom 
boriiGQtal parallax; and when the distance is so great that 
the Bemidiamoter of the earth would appear only as a point, 
then the body has no parallax. Conversely, if we can detect 
no sensible parallax, wc know that the body must be at a 
vast distance from the earth , and the earth itself appear aa 
a point from sueh a body, if, in fact, it were even visible. 

Trigonometry gives the relation between the angles and 
sides of every conceivable triangle ; therefore we know all 
abont the horiiontal triangle Z C P, when we know C Z and 
the angles. Calling the horizontal parallax of any bodyji, 
and the radius of the earth r, and the distance of the body 
from the center of the earth x ( the radius of the table always 
R, or unUy), then, by trigonometry, we have, 



Therefore, 



=(sif)'- 



From this equation we have the following general rme, to 
find the distance to any celestial body : 

RuLB. — Divide the radius of tlte taMes by the sine tjf the 
liorizontcd parallax. Multiply that quolieni by Ihs senddiotrteler in^ 
qf the earilt, and tJie product will be the result. '""' 

This reault will, of course, be in the same terms of linear |„j| 
measure as the semidiameter of the earth r that is, if r is in 
feet, the resiilt will be in feet ; if r is in miles, the result will 
be in miles, etc. : but, for astronomy, our terrestrial measures 
are too diminutive, to be convenient (not to say inappropri- 
ate) ; and, for this reason, It is customary to caU the semidia- 
nuta- of the eaith unity , and then the distance of any body 
from the earth is simp]y the quotient arising from dimdtnff 
de radius by the sine of the koriztnttal parallax pertaining lo 
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1^ II- the body ; and it is obvious, that the less the |>ariiUax, the 
greater this quotient; that is, the greater the distance to the 
body; and the difficulty, and the oiilt/ difficuUy, ia to obtain 
the korhontal parallax. 

oriwimi (^ 61.) The horizontal parallax cannot be directly observed, 
lit Ob- ^y reason of the great amount and irregularity of horizontal 

•d, refraction; but if we can obtain a parallax at any considera- 
ble altitude, we can compute the horizontal parallas there- 

The fixed stars have no sensible horizontal parallax, as we 
have frequently mentioned ; and the parallas of the sun ii 
so small, that it cannot be directly observed { see 40 ) ; the 
moon ia the only celestial body that comes forward and pre- 
sents its parallas ; and from thence we know that the moon 
is the only body that va within a moderate distance of the 

That the moon had a sensible parallax, was knonn to the 
earliest observers, even before mathematical instruments were 
at all refined ; but, to decide upon its exact amount, and 
detect its variations, rec[ulred the combined knowledge and 
observations of modem aatronomers. 



•■ * In the two triangles Z;i C and ZPC(S\g. 13), call the 
angle p the parallas in altitude, and the angle ZP (7 = «, 
and Cp and UP each equal D. Then, by trigonometry, 
we haife 

sin. ^ZC : sm.p ;: D : r; 
And - - R : sin- x : : D : r. 

Therefore, by equality of ratios (see algebra), 
sin.pZC : sin.p i : Ji t sin.*. 
But the sine pZC is the sine of the apparent zenith dis- 
tance. Therefore, 



sin. zenith distance ' 
Tbat is , the sine of the korizimtol parallax w eguol to t)m sine 
tf the parallax in altitude, into the radius, and divided (n/ the 
sine of the apparent zenith dittance. 
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The lunar parallax was first reeogniaed in nortliern Europe '^ 
by the moon appearing to describe more than a semicircle south b 
of the equator, and less than a semicircle north of thai line; ■ '" 
an;l, on an average, it Wiis observed to be a longer time laii* 
south, than north of the equator ; but no suck inequality could ""^ 
be (^served from tite region of the equator. 

Ob^rvera at the aonth of the equator, observing the posi- 
tion of the moun, see it for a longer time north of the equator 
than south of it ; 'iru/, to them, it appears to descnhe more tlum 
a seniieirde -lo ih of tIte equator. 

Here, then, we have observation against observation, unleaa 
wc can reconcile them. But the only reconciliation that can 
be made. Is to conclude that the moon is really as long in one 
beniisphere as the other, and the observed discrepancy must 
arise from the positions of the observers ; and when wo reflect 
that parallax must always depress the object ( seo Fig. 13 ), 
and throw it farther from the observer, it is therefore per- 
fectly clear that a northern observer should see the moon 
farther to the south than it really is, and a southern observer 
see the samo body farther north than its true position. 

{ 62.) To find the amount of the lunar parallax, requires 
the concurrence of two observers. They should be near the 
same meridian, and as &r apart, in respect to latitude, as 
possible ; and every circumstance, that could affect the result, 
must be known. 

The two most favorable stations are Greenwich (England) ( 
and the Cape of Good Hope. They would be more favorable ^ V" 
if they were on the same meridian ; but the small change in bidod 
declination, while tbe moon is passing from one meridJaTi to " " 
the other, can be allowed for ; and thus tbe two observations 
are reduced to the same meridian, and equivalent to being 
made at the same time. 

The most favorable times for such observations, are when 
the moon is near her greatest declinations, for then the change 
of declination is extremely s/ovi. 

Let A ( Fig. 14 ) represent the place of tbe Greenwich ob- 
Borvatory, and />' the station at the Cape of Good Hope. 
(7 is the center of the earth, and Z and Z' ak the zenith 
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md filially MC. 



points of the observerg. Let ^ 

be the position of the moon, and 
the observer at^ will see it pro- 
jected on the ekj at nt', and the 
ubserver at B will see it pro- 
jected on the ekj at m. 

Now the figure -iCS J/- is a 
quadrilateral; the angle A C h 
is known bj the latitudes of the 
two observers; the angles MA 
C and MB C are the respective 
zenith distances, taken from 180''. 

But the sum of all the angles 
of any quadrilateral is equaJ to 
four right angles; and hence thf 
angles at A, C, and B, being 
known, the parallactic angle at 
M is known. 

Ill this quadrilateral, then, we 
have two sides, A C and C £ 
Land all the angles ; and this is 
sufficient for the moat ordinary 
mathematician to decide every 
[(articular in conneutiijn with it; 
that is, wc can find A M, MB, 
MC being known, the horkontal 



.- * The direct and analytical method of obtaining MC, will be 
"' very acceptable to the young mathematician; and, for that 
reason, we give it. 

Put AC=CB^r, CM=z, and the two parts of the ob- 
served parallactic angle, M. represented by P and (^, as in 
the figure. Also, let a represent the fiolaral sim of the angle 
MAC, and 6 the naluml sine of the angle MB C: 
Then, by trigonometry, - x : a : : r : sin. Q; 
Also, X : b :: r : shi. P; 






I. P+sin. C= 



■0) 
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parallax can be conipnled, for it is but Afanclwn of the dia- tai?. ii 
tance (see fiO). 

By the equation (Art. 60), ar=(^^- )r 

By changing, - - - ein,^=( jr; and when a', the 

distance, ia known, stn. p, or sine of the horizontal parallax, 
ia knowa. 

( 63. ) The result of aueh observations, taken at different v.risbn 
times, show all values to MC, between '>^-ff^, »nd 63y'g'j ; ^'2^^_ " 
taking the value of r as unity. 

These variations are regular and systematic, both as to 
time and place, in the heavens; and they show, without fur- 
ther investigation, that the moon does not go round the earth 
in a circle, or, if it does, the earth is not in the center of that 

The parallaxes corresponding to these extreme distances, 
*re 61' 29" and 53' 50". 

When the moon moves lound to that part ff \ier jrhit Aj»(» 
which is most remote from the earth, it is said to be in apogee; "" i* «" 
and, when nearest to the earth, it is said to be in perigee. 
The points apogee and perigee, mainly opposite to each other, 
do not keep the same places in the heavens, but gradually 
move forward in the same direction as the motion of the moon, 
and perform a revolution in a little less than pine years. 

Bnt, by a general theorem in trigonometry, 

m.P+«..«-2.in.^o<...^. . (2) 
Now by equating (1) and (2), and observingthat P-\-Q= 
M, and that (cos. — ;r^ ) ""^* ^^ extremely near unily ; 
and, therefore, as a factor, may disappear; we then have, 

iain.-^- ^— . or .^^-^sin-^iW 

A more ancient method ia to compute the vaJue of the little 
triangle BC G, and then of the whole triangle AM 6, and 
then of a part A MC oi MGC. 
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n- (64.) Many timep, when the moon cornea round to its peii- 
gpt. we find ifa parallax less than fil' 28". and, at the oppo- 
site apogee, more than 53' 50". It is only when the sun is 
in, or near a line with the lunar pprigee and apogee, that 
these greatest extremes are ohaerved to happen ; and when 
the Bun is near a right angle to the perigee and apogee, then 
the moon moves round the earth in an orbit ne&rer a circle; 
and thus, by observing with care the variation of the moon's 
parallax, we find that its orbit is a revoleinff ellipse, of variable 
eceentridly. 

(65.) Because the moon's distance from the earth is va- 
riable, therefore there must be a mean distance: we shall 
show, hereafter, that her motion is variable ; therefore there 
is a merm motion ; and, as the eccentricity is variable, there 
is a m^an eccentricity. 

p»- The extreme parallaxes, at mean ecceniririty, are 60' 20" 
ji and 54' 05", and the corresponding distances from the earth 

di*- are 56.93 and 63.(14, the radiua of the earth being wmfy. 
The mean parallax, or moan between 60' 20" and 54' 05", is 
57' 12". 5; but the parallax, at mean distance, is 57' 03"*. 

* It may seem pai-adoxical that the mean parallax, and the 
parallax at moi» distance arc different quantities : but the 
following investigation will set tlie matter at rest. Let d and 
D be extreme distances, and M the mean distance. 

Then, .... d-^D^IM. ... (1) 
Also, [e\p and P be the parallaxes corresponding to the dis- 
tances (iand D; and put x to represent the parallax at mean 
distance. Then, by Art, 60 (if we call the radius of the 
tablea unity), we have 

1 „ 1 



ind M, in equation (1) u 





d=~-, D=^ 

mn.p sin 


rp 


Substituting these values of d. 


i>. 


have, 


■- ^+E^ 


I 



(2) 
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rhe mean between extreme, dislancei is 



55.924-63-84 



59-88; 



but the true mean distance ia 60.26, corresponding to the '''" 
parallax 57' 3". The mean, between extremes, is a variable „,„„ 
quantitjr; but the true mean distance is erer the same, a 
little more than 60| timeit the Bcmidiameter of the earth. 

(66.) The varUilions in the moon's real distance must cor- 
respond to apparent variat'ums in the moon's diamet^ ; and if 
the moon, or any other bodj, should have no variation in 
apparent diameter, we should then conclude that the body 
was always at the same distance from us. 

The change, in nppareni diameter, of a7iy heaveniy body, is 
numerically proportioned to its real clumge in distance; as 
appears from the demonstration in the note below.* 

But by a well known, and general theorem in trigonometry, m>i 

w.l,.ve,,in.i.+.i..,=2.in.(£±i')„..(£=2) (3) """ 

By equating (3) and (2), and observing that the cosines 
of very small arcs may be practically taken as unity, or ra- 
dius ; therefore, 



-im- 



On applying this equation, we find ^=57' 3 , 



* Let A be the 
point of vision, and 
d the diameter of 
any body at diffe- 
rent distances, .<1£, 
AO. 
Now, by trigonometry, 
AC : d 
AB ■ d 




e tlic following proportion!: 
tan. CAD 
tan. BAE 
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Now if the moon has a real change in distance, as observ* 
tioQs ahow, such change must be accompanied with apparent 
changes in the moon's diameter ; and, hj directing ohaerva* 
tions to this particular, we find a perfect correspondence ; 
showing the barmony of trutli, and the beauties of real 
science, 
c- We have several times mentioned that the moon's horizon- 
'° tal parallax is the semidiameter of the earth, as seen from the 
ri- moon ; and now we further say, that what wo call the moon's 
''' semidiameter, an observer at the moon would call the earth's 
horizontal parallax; and the variation of these two angles de- 
pends on the same drcvmstanee — the variation of the distance 
between the earth and raoon; and, depending on one and the 
same cause, they must vary in just the same proportion 

When the moon's horizontal parallax is greatest, the moon's 
semidiameter is greatest; and. when least, the semidiameter 
is the least; and if we divide the tangent of the semidiameter 
by the tangent of its horizontal parallax, we shall always find 
t\ia same quottetii (the decimal 0.27293) ; and that quotient 
19 the ratio between the real diameter of the earth and the 
diameter of the moon.* Having this ratio, and the diameter 
of the earth, 7912 miles, we can compute the diameter of the 
moon thus : 

7912x0.27293=2169.4 miles. 

From the first proportion, - - - AG tan. CAD^dR ; 
From the second, ----- AB tun. BAE=dR: 
By equality, . . . . A Ctan. CAD=AB tan. BAE. 

This last equation, put into an equivalent proportion, gives: 
AG : AB : txa. BAE :: t&a. CAD. 

But tangents of very small arcs ( such as those under which 

the heavenly bodies appear) are to each other as the area 

themselves. Therefore, 

AC : AB :: a.n^e BAE : angle CJiJ; 

That is; the angular meamrea of (he same body art inversely 

proportioned to the coj^esporidinff distamxt. 

* This requires demonstration. Let E be the retd serai- 
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APFEAIIANCE FROM THE M00^ 

\b spheres are to each other in proportion to the cultK of t -'"*' ^ 
their diamuters, therefore the bulk (not mass) of the earth. 
js to that of the moon, as 1 to ^y, nearly. 

An the moon's distance is 60i times the radius of the earth, Aug 
it follows that it is about ^'^ih nearer to us, w>en at the "^^""j" 
zenith, thau when in the horizon. Making allowance for this di.mete 
(in proportion to the sine of the altitude), is called the ''"'^■ 
augmentation of Hie aemidiameUr. 

( 68. ) It may he remarked, by every one, that we always The 
see the same face of tlje moon ; which shows that she must " """' 
roll on an asia in the same time as her mean revolution about 
the earth; for, if she kept her surface toward the same part 
of the heavens, it could not he constantly presented to the 
earth, because, to her view, the earth revolves round the 
moon, the same as to ws the moon revolves round the earth; 
and the earth presents phases to the moon, as the moon does 
to ua, except opposite in time, because the two bodies are 
opposite in position. When we have new moou, the lunarians 
have full earth : and when we have first quarter, they have 
last quarter, etc. The moon appears, to us, about half a 
degree in diameter ; the earth appears, to them, a moon, about 



diameter of 




and lot the radius of the tables be unity. 
P to represent the moon's horizontal parallax, and s its appa- 
rent semidiameter. Then, by trigoimmctry, 

D : E .: I : tan, P; and D : m :: I : tan. s. 



From the first, D= 



t&nTP 



from the 2d, D= 
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two degrees in diameter, irwariaUy Jlxed m t\dr siy, and tlie 
stars passing slowly behind it. 
10 "But," says Sir John Herschel, "the moon's rotation on 
"" her azis is uniform ; and since her motion in her orbit is not 
so, we are enabled to look a few degrees round the ec[uatorial 
parts of her visible border, on the eastern or western side, 
according to circumstanoea ; or, in other words, the line join- 
ing the centers of the earth and moon fluctuates a little in it» 
position, from its mean or average iuterseetion with her sur- 
face, to the east, or westward. And, moreover, since the 
axis about which she revolves is not exactly perpendicular to 
her orbit, her poles come alternately into view for a small 
space at the edges of her disc. These phenomena are known 
by the name oiUbralians. In consequence of these two dis- 
tinct kinds of libration, the same identical point of the moon's 
surface is not always the center of her disc ; and we therefore 
get sight of a zone of a few degrees in breadth on all sidea 
of the border, beyond an exact hemisphere." 



CHAPTER III. 

THB KARTH'b OKBIT £CC£HTKIG. THE AFPABBNT AHOUI^fi 

UOTION OP THE SCN NOT UNIFORM. — LAWS BETWEEN BIB- 
TANOB, KKAL, AND ANQOLAR MOTION. — ECCENTRICITY OV 
THE OKBIT. 

( 69. ) The sun's parallax is too small to be detected by 
in any common means of observation ; hence it remained un- 
'° known, for a long series of years, although many ingenious 
methods were proposed to discover it. The only decision 
that ancient astronomers could make concerning it was, that 
it must be less than 20" or 15" of arc ; for, were it as much 
a.s that quantity, it could not escape observation. 

Now let as suppose that the sun's horizontal parallax is lesa 
thiin 20" ; that is, the apparent semidiameter of the earth, as 
•r»n from the sun, must be less than 20"; but the semidia- 
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meter of the sun is 15' 56", or 956" ; therefore the sun must Ca^'- m. 

be vastly larger than the earth — by at least 48 times its 

diameter ; and the bulk of the earth must be, to that of the 

sun, in as high a ratio as I to the cube of 48. Hut as we do 

not allow ourselves to know the true horizontal parallax of 

the sun, all thu decision we can make on this subject is, that 

the sun is vastly larger than the earth. 

( TO. ) Previous observations, as we explained in the first Doe> iht 
section of this work, clearly show, or give the uppearance of ""' *° '?°°'' 
the sun going round the earth once in a year; but the appear- <b» »arii 
ance would be the same, whether the earth revolves round the '°°'"' "" 
sun, or the sun round the earth, or both bodies revolve round 
a point between them. We are now to consider which is the 
most p.^ibable; that a large bodyshuald drcalale round a much 
smaller one; or, the smaller one round a large «n«. The iaat 
suggestion corresponds with our knowledge and experience in 
mechanical philosophy ; the first is opposed to it. 

(71.) We have seen, in the last chapter, that thesemidia- 
meter and horizontal parallax of a body have a constant rela- 
tion to each other; and. while we cannot discover the one, 
we will esainitje all the vnriaiiom of the other i^if ii ham wi- 
riofions ), and thereby determine whether the earth and sun 
alwaya remain at the same distance from each other. 

Here it is very important that the reader should olearjy Msihe*. 
understand, how the apparent diameter of a heavenly body "f ""'""mi 
can be determined to great precision. mem. 

As an example, we shall take the diameter of the sun ; but 
the same principles are to be followed, and the same deduc- 
tions are to be made, whatever body, moon, or planet, may be 
under observation. 

An iustrunicnt to measure the apparent diameter of a planet Tba nk>i 
is called a micramtUr. It is an eyepiece to a telescope, with "*'" 
opening and closing parallel wires ; the amount of the opening 
is measured by a mathematical contrivance. For the measure 
of all small objects, the micrometer is exclusively used; and 
unce it is impossible that any one observation can be relied 
upon as accurate (on account of the angular space eclipsed 
by the wires), a groat number of observations are taken, and 
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r. m. the mean result ia regarded as a aingic observation. Gene 
rally speaking, the following method is more to be relied upon, 
when large angles are measured, and to it we eommend «;)e»a/ 



■r.o me- Tlie method dq)ends antlie dme employed by the body in paa»- 

*' '™* ing the perpendicular wires of the transit instrumeni. 
uriiiian. All bodies ( by the revolution of the earth ) come to the 
meridian at right angles, and 15 degrees pass by the meridiari 
in one hour of sidereal time ; and, in four minutes, one de- 
gree win pass ; and, in two minutes of time, 30 minutes of aic 
will pass the meridian wire. 

Now if the sun is on the equator, and stationary there, and 
employs two minutes of sidereal time in passing the meridian, 
then it is evident that its apparent diameter is just 30' of are; 
if the time is more than two minutes, the diameter is more ; 
if less, less. 

But we have just made a supposition that is not true; w« 
have supposed the sun stationary, in respect to the stars ; but 
it is not so: it apparently moves eastward; therefore it will 
not get past the meridian wire as soon as it would if station- 
ary. Hence we nrn^l have a correction, for the mn's moiimt, 
aj^lied to the time of its passing the meridian. 
trtciiom We have also supposed the sun on the equator, and for a 
"" moment continue the supposition, and also conceive its dia- 
meter to be just 30' of arc. Now suppose it brought up to 
the 20th degree of declination, on that parallel, it will extend 
over mare than 30' of arc, because meridians converge toward 
the pole; therefore the fartlier the sun, or any otiter body ia from 
the equeilm; lite longer it will be in passivff l!ie meridian on thai 
account; the increase of time depending on the cosine of the 
dedina&m. (See 59.) 

Hence two corrections must be made to the actual time 
that the sun occupies in crossing the meridian wire, before we 
can proportion it into an arc : one for the progressive motion 
of the sun in right ascension ; and one for the existing decli- 
nation. We give an example, 
ethojof '^^ *''* ^^^^ '^^y °^ ^'^^^- 1846, the sidereal time (time 
iinj the measured by the sidereal clock ) of the sun passing the me- 
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ridian wire, waa observed t« be 2 m. 16.64 s. ; the declination i 
was 22° 2' 45", and the hourly iacrease of rigl: 



Observed dura, of tran., in sees., 130.64 

Reduction for solar motion, - .39 

136.25 . . log. 2.134337 

Dec. 22° 2' 45"; cosine, - - - 9.967021 

Duration, if stationary on equa., 126,3 ». . . log. 2.101358 

Minutes or seconds of time can be cbanged into minutes or 
seconds of arc, by multiplying by 15 ; tberefore the diameter 
of tha sun, at this time, subtended an arc of 1894". 5, and its 
semidiameter 947". 2, or 15' 47".2 ; which is the result given 
in the Nautical Almanac, from which any numb-^r of eaamples of 
this kind can be taken. We give one more example, for the 
benefit of those who may not have a Nautica! Almanac. 

On the 30th day of December ( not materia! what year ), 
the sidereal time of the sun's diameter passing the meridian 
was observed to be 2 m. 22.2 s., or 142.2 s. The sun's 
hourly motion in right ascension, at that time, was 11.06 s., 
and the declination was 23° 11'. What was the sun's semi- 
diameterV * Ans. 16' 17". 3. 

These observations may be made every clear day through- 
out the year; and they have been made at many places, and ,„ 
for many years ; and the combined results show that the " 

• Tha following Is tha formata for these reductions : 



Mere ( is the observed interval in seconds, c is the correction for the in. 
crease in right aacunsion, D is tlie declination, K the radius of the tables, 
■id t is the reaull In seconds of arc. c is always very small j for one 
hour, or 3600 B, Ihe variation is never leas than 8.9768., nor more than 
11.11 s. The former happens about the middle of September; Ihe lat- 
ter abont the 20th of December. For the meridian passaga of the moon, 
the correction c is considerable ; because (he moon's increase of right 
asceuston is KMmparatively very rapid. For the planets, c may b* di»- 
nfaiuea 
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'- apparent diameter of the sun ia the aame, on the eamc day ot 
the year, from whatever station observed. 

The least semidiameter is 15' 45". 1; which corresponds, in 
time, to the first or second day of July ; and the greatest is Hi' 
17". 3, which takes place on the 1st or 2d of January, 

Now as we cannot suppose that there is any real change in 
the diameter of the sun, we must impute this apparent change 
to real change in the distance of the body, as explained in 
Art. 06. 
m Therefore the distance to the sun on the 30th of Deeem- 
"' her, must be to its distance on the first day of July, as the 
'" number 15' 45".l is to the number 16' 17".3, or as the num- 
ber 945.1 to 977.3; and all other days in the year, the pro- 
porlionat distance must be represented by intermediate num- 
bers. 

From this, we perceive that the sun must go round tho 
earth, or the earth round the Bun, in very nearly a eirelo ; for 
were a representation of the curve drawn, corresponding to 
ihe apparent semidiamcter in different parts of the orbit, and 
placed before us, the eye could scarcely deteet its departure 
from a circle. 

( 72.) It should be observed that the time elapsed between 
the greatest and least apparent diameter of the sun, or tho 
reverse, is just half a year; and the change in the sun's lon- 
gitude ia 180°. 
'i- If we would consider the mean distance between the earth 
. and sun asani^ (as is customary with astronomers), and then 
1. put X to represent the least distance, and y the greatest dis- 
tance, we shall have 

.r-F-y=2, 
And, - - X : y :: 9451 : 9773. 

A solution gives at=0.9832G, nearly, and y=l. 01674, nearly; 
showing that the l«ast,mtan, and greoUst distance to the sun, 
must be very nearly aa the numbers .98326, 1., and 1.01674. 
The fractional part, .01B74, or the difference between the 
extremes and mean ( when the mean is »nt^ ), is called the 
eccenlricti'/ of the orbit. 
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MOTIOK IN LOMGirUDE. 



The icceirtrieiti/, as just mentioned, must not be regarded us Cu*i 
accurate. It is only a first approximation, deduced from the 
lirst and moat simple view of the subject; but we shall, jere- 
after, give otlicr expositions that will lead to far more accu- 
rate resulta. 

In theory, the apparent diameters are sufficient to determine Eo. 
the eccentricity, could we really obaerye them to rigorous ^ 
exactness ; but all luminous bodies are more or less affected m 
by irradiation, which dilates a little their apparent diameters ■'"' 
and the exact quantity of this dilatation is not yet well 
^certain ed. 

( 73. ) The sun's right ascension and declination can be 
observed from any observatory, any clear day; and from 
thence we can trace its path along the celestial concave sphere 
above us, and determine its change from day to day ; and we 
find it runs along a great circle called the ediplic, which 
crosses the equator at opposite points in the heavens; and 
the ecliptic inclines to the equator with an angle of about 
230 27' 40". 

The plane of the ecliptic passes through the center of the 
earth, showing it to be a great circle, or, what is the same 
thing, showing that the apparent motion of the sun has its 
center in the line which joins the earth and sun. 

The apparent motion of the sun aJong the ecliptic is called v. 
longitude ; and this is its most regular motion. 

When we compare the sun's motion, in longitude, with its 
semidiametcr, we find a correspondence— at least, an apparent J'^^"^^^"^"'' 
connection. in Umgiiudi 

When the aemidiameter is greatest, the motion in longitude 
is greatest; and, when the semidiametcr is least the motion 
in longitude is least ; bat the two variations have not the same 

When the sun is nearest to the earth, on or about the 30th 
of December, it changes its longitude, in a mean solar day, 
V> V 9" .95. When farthest from the earth, on the Ist of 
July, its change of longitude, in 24 hours, is only 57' 11". 48. 
A uniform motion, for the whole year, is found to be 59' 8". 33. 

The ancient pkilii sop hers contended that the sun moved 



,y Google 



ASTRONOMY. 

'^- about the eartli in a ciTcidar orbU, and its real velocity uni- 
form ; but the earth not being in the center of tlie circlo, the 
same portions of the circle would appear vjiAet different angles ; 
and hence the variation in its apparent angular motion, 
result jJq„ if tiijf, jg 5 (.^yg ^jg,^ uf jjjg aubjeet, the variation in 
j,i,, angular motion must be in exaet proportion to the variation in 
is i" distance, aa explained in the note to Art. 66; that is,945".l 
™" should be to 9T7".3, as 57' 11".48 to 61' 9".95, if the sup- 
quare position of the first obBcrvers were true. But these numbers 
"■ have Twt the same ratio ; therefore this supposition is not 
satisfactory ; and it was probably abandoned for the want of 
this mathematical support. The ratio between S4.5".l, and 

977".3is gg=l.0341,noarly: 

between 57' 1I".48, and61'9".95, |g5_°_^=i.0694, nearly. 

If we sqiiare (1,0341) the/j-s( ratio, we shall have 1.00936, 
a nnmber so near in value to the aecond ratio, that we con- 
clude it ought to be the same, and would be the same, pro- 
vided we had perfeet accuracy in the observations. 
i«- Thus we compare the angular motion of the sun in diffe- 
jj°| rent parts of its orbit ; and we always find, that the inwrst 
tquare of its dt&lance is prt^orHonal to its anffular motUm; and 
this i neon testible /art is so exact and bo regular, that we lay 
it down as a law ; and if solitary observations do not corre- 
spond with it, we must condemn the observations, and not 
the law. 

( 74.) To investigate this subject thoroughly, we cannot 
avoid maiing nse of a little geometry. 

Let Fig. 17 represent the solar orbit,* the sun apparently 
revolving about the observer at 0, The distance from to 



• We say eoW orbit, ■ 
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of the sun's motion, wh< 
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any point in the < 

hit ia called the i 
dius vector ; and it. 
a varying quantity, I 
conceived to swocpB 
round the point 0. 

Let I) he the va- 
lue of the radius vec- 1 
tor at any point, a 
rD its value at souel 
other point, as repre- I 
Bented in the figure. Let y represent the real motion of the 
Hun, for a very short interval of time, at the extremity of the ^ 
radius vector D ; and x represent the real motion, at the u, 
extremity of the radius vector r D, in the same time. 

From 0, as a center, at the distance of unity, describe a 
circle. Put A to represent the angle under which x appears 
from 0; then, by o&sematum, r^A is the angle under which y 
appears from the same point. 

Now, considering the sectors as triangles, we have the fol- 
lowing proportions : 



From the first, - - x=rAJ}, 

From the second, - y=r'AI>. 
Multiply the first r>f these equations by r, and we perceive 
that i/=rx. 

This last equation shows that the reed velocity of the earth 
in its orbit varies in the inverse ratio as the radius vector ; or '^ 
it varies <lireeily as the apparent diameter of the stm. it 

(75.) If we multiply rD by a-, tlie product will express the ^^ 
double of an area passed over by the radius vector in a certain n 
interval of time ; and if we multiply S> by y, we shall have ■* 
the double of another area passed over by the radim vector in 
»he same time. But the first product, ia rDx, and the second 
is the same, as we shall see by taking the value of y (rx); that 
is r2}x=^rDxi hence we announce this general law: 
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"*'■ ^^ - Tlmt the solar radius vector describes equal areat in equal 

n» ladim limes. 

ibe'i equal ^^'^011 espressed in more general terras, this is one of the 

las in e- three laws of Kepler, which will be fully hrought into notice 

i iimej. ji^ ^ suhsequent part of this work. 

If we draw lines from any point in a plane, reciprocally 
proportional to the Bwn's apparent diameter, and at anglea 
differing as the change of the sun'e longitude, and then con- 
nect the extremities of aueli lines made all round the point, 
tlie connecting lines will form a curve, corresponding with an 
elUpse (see Fig. 18), which represents the apparent solar orhit ; 
and, from a review of the whole subject, we give the follow- 
ing summary ; 

Laws of 1. The KcentncUy qf the sdar ellipse, as determined frcmi till 

iiion in an apparetii dtame/er of the swr, is .01674.* 

2. The suit's angular velo&ty varies inversely as the square 
qf Us distanee from the earth. 

3. The real velocity is inversely us the distance 

4. The areas described by tiie radius vector are prtxportionfil 
to the times of description. 

(76.) We have several times mentioned, that, as far as 
appearances are concerned, it is immaterial whether we con- 
sider the sun moving round the earth, or the earth round the 
sun; for, if the earth is in or.a position of the heavens, the 

* By making use of the 2d principle, above cited, we can 
compute the eccentricity of the orbit to greater precision than 
by the apparent diameters, because the same error of obser- 
vation on longitude would not be aa proportionally great as 
on apparent diameter. 

Let E be the eccentricity of the orbit; then (1 — £) is 
the least distance to the sun, and (\-^E) the greatest dis- 



tance. Then, by observation, we have 



OT,{l-Ey : (1+Ey 
Or, 1—E l-\-E 



57' H".48 : 61' 9".95; 

343148 • 366396; 

^343141 ,: ^366996: 



Whence £■=.016788+. We shall ^ve a still more acou 
fate metliod of computing this important element. 
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II tlliptioal orbit, 



SUN' 

gati appears csactly in 
the opposite position, 

made by tlio eartli 

must correspond to an 

apparent motion mado 

by tlie sun. 

But, for the purpose 

of getting nearer to 

feet, we will now sup- 
pose the cartb revolves round th 

as represented by Fig. 18. 

We have very much exaggerated the eccentricity ot the 

orbit, for the purpose of bringing principles clearer to view^ 
The greaUM and least distances, from the sun to the earth, 
make a strmghl line tluough the sun, and cut the orbit into 
two equal parts. When the earth is at B, the greatest dis- 
tance from the sun, it is said to be in opogee, and when at A, 
the least distance, it is in perigee; and the line joioing the 
apogee and perigee is the major, or greater diameter of the 
orbit; and it is iheordy diameter passing through the am. thol 
cuU the wint irUo two equal parts. 

Now, as eqaal areas are described in eqiml times, it follows ^_^ 
that the earth must be just holf a year in passing from apogee ^^^ 
to perigee, and from perigee to (ipogee; provided that these p.: 
points are stationary in the heavens, and they are so, very • 

If we suppose the earth moves along the orbit from I) to 
A and we observe the sun from D, and continue observa- 
tions upon it until the earth comes to 0, then the longitude 
of the sun has changed 180°; and if the time is less than 
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Cmk. m. half a year, we are sure the perigee is in this part of the 
orbit If we continue obaervations round and round, and 
find where 180 degrees of longitude correspond with half a 
year, there will be the position of the longer axis ; which i* 
sometimes caUed the hue of Ihe apuides. 

Difflcuiuti, \j{^ cannot determine the exact pnint of the apogee or 
perigee, by direct observations on the sun's apparent diame- 
ter; for about these points the variations are estremelj- slow 
and imperceptible. 

If we fake observations in respect to the sun's Lmgitude, 
when the t-arth is at h, and watch for the opposite longitude, 
when the earth is about a, and find that the area b Da was 
described in little less than half a jear, and the ar-w aCh, in 
a little more than half a year, then we know that h is very 
near the apogee, and a very near the perigee. 

K we take another point, b , and its opposite, u', and fliiil 
converse results, then we knnw that the apogee is between 
the points b' and b, and vi e can proportion to it to great csact- 

Langinda ( 77, ) The longitude of the apogee, for the year 1801, wat 
ud ^o' ^^° ^1' ^"' "^n**- of aomse, the perigee was in longitude 279° 
31' 9". These points move forward, in respect to the stars, 
about 12" annually, and, in respect to the equinos, about 62" i 
more exactly 61". 905, and, of course, this is their annual 
increase of longitude. 

In the year 1250, the perigee of the sun coincided with the 
winter solstice, and the apogee with the summer solstice ; and 
at that time the sun was 178 days and about 17| hours en 
the south side of the equator, and 186 days and about \'1\ 
hours on the north side; being longer in the northern liemi- 
Bphere than in the southern, by seven dajs and 19 houis: at 
present, the excess is seven days and near 17 hours 

(78.) As the sun is a longer time in the northern than in 
the southern hemisphere, the first impression might be, that 
more solar heat is received in one hemisphere than in the 
other; but the amount is the same; for whatever is gainecl 
in time, is lost in distance ; and what is lost in time, is gained 
by a decrease of distance. The amount of heat dependi «v 



i.-,».l,di. 
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ilie intensity multiplied by the time it is applied; and the Ch* 
product of the time anJ distance to the sun, is the same in 
either hemisphere ; hut the amount of heat received, for a 
Bingie day, is different in the two hemispheres. 

(79.) Conceive a line drawn through the sun, at right 
angles to the greater diameter of the orbit DSC (see Fig. 
18), the point Cia 8° 21' from the first point of Aries; and 
if we observe the time occupied by the sun in describing 180 
degrees of lon^tude, from this point (or from any point very 
near this point), that time, taken from the whole year, will 
give the time of describing the other 180 degrees. 

Without being very minute, we venture to state, that the a 
time of describing the arc DA C is 178 days 17^ hours, and °^^°'^ 
the time of describing the arc CBD is 186 days 12j hours, ciijc 
But, aa areas are in proportion to the times of their descrip- '■''■ 

tion : therefore, 

d. h. d. b. 
area CSDA : area CBDS : : 178 17i 186 12^. 

By taking half of the greater axis of the ellipse equal 
unity, and the eccentricity an unknown quantity, e. the 
nathematician can soon obtain analytical expressions for 
the two areas in question; and then, from the proportion, 
he can find the value of the eccentricity e : but there is a 
better method — we only give an outside view of this, for the 
light it th^ow^ on the general principle. 

(811.) Now let us conceive the orbit of the earth inclosed 
by a circle whose diameter is the greatest diimeter of the 
ellipse, as represented by Fig 19 

For the sake of simplicity we will suppose the observer at i 
rest at the point o ( one focus of the ellipse ), and tlie sun """ 
really to move round on the ellipse, describing equal areat vaiu 
in equal times round the point o. "" '' 

Conceive, also, an imaginary sun to pass round the circle, 
describing equal angles, in equal times, round the center m. 
Now suppose the two suns to be together at the point S : — 
they depart, one on the ellipse, the other on the circle; and, 
on aeoount of both describing equal areas, in equal tiniea, 
round their respective centers of motion, they will be together 
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at the point A, and 
again at the point £ 
and BO continue in 
each subsequent re- 
volution. 

The iniaginary sun 
Dn the cit'cle every- 
wliere describes equal 
angles in ei^ual times ; 
and the true sun, on 
the ellipse, describes 
only equal areas in 
equal times ; but the angles will be unequal. Conceive the 
two suns to depart, at the aame time, from the point £, 
and, after a certain interval of time, one is at s, the other at 
»'■ Then we must have 

area oBs : area mBs' : : area ellipse : area circle. 

id The angle Bms' is the angle the sun would make, or its 

'■ increase in longitude from the apogee ; provided the angular 

motion of the sun was uniform. The angle Bos is its true 

increase of longitude ; the difference between these two angles 



The angle Bms' is always known h/ the time ; and if to 
every degree of the angle Bms' we knew the corresponding 
angle mno, the two would give us the angle Bos; for, 




The angle Bms' is called tbe wwww anomaly, and tlie angle 

,B OS is called the true awmudy. 

■ ,,„t The angle Bms' is greater than the angle Bos, all the 

■f <•» way from the apogee to the perigee; but from the perigee to 

the apogee,the true sun, on the ellipse, is in advance of the 

imaginary sun on the circle. 

The angle mno is called the equation of tin eerier ; that is, 
it is the angle in be applied to the angle about the center m, 
to make it equal to the true anomaly. 

The angle mno depends on the eccentricity of the ellipse; 
ftnd its amount is put in a table corresponding to every 



„Googlc 



ECCENTRICITY OF ORBIT 

degree of the mean atumudy ; subtractive, from the apogee to c 
the perigee, and :idditive from the perigee to the apogee.* 

(81.) Again: conceive the two sunito set out from the same ' 
point, B; and as the angle Bms' increases uniformly, it will "^ 
iaerease and become greater and greater than the angle .Bos, gi, 
until the true sun attains its mean angular motion, and no "• 
longer. Then the angle mno attains its greatest value, and, 
at that time the side mn^sno, and the point n is over the 
center of o m, and o «' is a mean proportional between o B 
and o A. That is, when the sun, or any planet, attaios the 
freiUest equation of the center, the true sun is very near the 
txtremity of the shorter axis of the ellipse ; o, the greatest 
equation of the center, can be lietermined by observaiion ; 
and, from the greatest equation, we have the i 
tiethod of computing the eccentricity of the ellipse, 
may see by the note below.f 

t Let C (Pig. 20) be the 
place of the true sun, and G| 
the place of the imaginary 
Bun ; the line m F cuts off | 
equal portions of the circle 
and the ellipse. Then we 
have to make the sector 
m.f (?tothe triangle o 
as the circle is to the ellipse. 

mB=a, mC=b, <m=ea, ^=3 1416; 
Then, the area of the circle is "0= ; the area of the ellipse b 
B116; that of the sector is (ff/^, and of the triangle -^. 




^ "Ki) 






■« mechanical contrivance, (he modem utmnomlcal (oUca 
'fid, thai all correclions are rendered additive ; bo Ihal the 
iparator cannot make a mislake, as lo signs, and he may 
work without slopping to rhink. These arrangementa 
Ivantages, hut they coper up and GhaeuTi pnnciplEt 
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111. When once the eccentricity of any planetary ellipse be' 
comes known, the epilation of the center, corresponding to all 
degrees of the mean anamidy, can be computed and put into 
a table for future use ; but this labor of nonstructing tables 
belongs exclusively to the mathematician. 

(."or Or, - - eab '. (CfF)a : : b -a; 
l^' Or, - . «z : 6F ; : 1 : 1 . 

I I, Consequently, OF=!=ea, and l'Q'=mii ; which shows that the 
ef angle o On, is nearly equal to Fm O, unless it is a very eccen- 
'"' trie ellipse. Now we must compute the number of de^ees 
in the arc FO. The whole circumference is 2^0. 
Therefore, 2^a : ea :: 360 : arc/'fi: 



Hence, - - ■ 


■ arc 


,F0=-^^ 


-=angle nm 0. 


But the angle om 


m=n: 


m C-j-« Cm 


=2nmC. nearly; 


Therefore, 


-=27. 


imC=onn 


1 = greatest equatic 



center, nearly. 

But the greatest equation of the center, for the solar orbit, 
is, by observation, 1^ 55' 30" ; and as the sun has not quite 
its greatCBt equation of the center, when at the point C, it will 
be more aecurate to put 

i^=l= 65' 24". 

From this equation, it is true, we have only the approsj- 
mate value of e ) but it is a wiy approximate value, and suffi- 
ciently accurate. 

Reducing both members to seconds, and wo have. 
3600-360 e=6924T-, and e=0.0167842. 

The greatest equation of the center is at present diminish 
ing at the rate of 17", 17 in one hundred years: this corre- 
sponds to a diminution of eccentricity by 0.00004166 , whicl 
H determined by a solution of the following equation : 

W0.?li^=17".17, 
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CHANGE OF SEASONS 



CHAPTER IV. 



THB CAUSES OF TUB CUANQE OF SEASONS. 

( 82. ) Tub annual revolution of the earth in its orbit, ' 



s to the p!an 



of its orbit, th* o 
1 would then '["^'^ 



combined with the position of the 

of its orhit, produces the change of the seaso 

If the aiia were perpendicular to the pla 
there would be no change of seasons, and the 
be all the while in the celestial equator. 

This will be understood by Fig. 21. Conceive the pL 
of the paper to he the plane of the earth's orbit, and 
the several representations of the earth's aijs, A'S, to 
(-lined to the paper at an augle of 66° 32'. 




in all representations of NS, one half of it is supposed to 
bo above the paper, the other half below it. 

yS is always parallel to itself; that is, it is always in thf- 
same position* — always at the same inclination to the plane 



IhJB part of th<^ work. 



IB Improper to notice in 
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'• IV- of its orbit — always directed to the aame point in the hca- 
vona, in whatever part of the orbit it may be. 

The plane of the equator, represented by Sg, is inclined to 

the plane of the orbil by an angle of 23° 28'. 

tnttci By inspecting the figure, the reader will gather a clearer 

^^'"^ view of the subject than by whole pages of description ; he 

will perceive the reason why the sun must shine over the 

north pole, in one part of its orbit, and fall as far short of 

tiiat point when in the opposite part of its orbit ; and the 

number of degrees of thia variation depends, of course, on thfi 

position of the axis to the plane of the orbit. 

iitionof Now conceive the line -VS to stand perpendicular to the 

"'' " plane of the paper, and continue so ; then Eg would lie on 

■e or the paper, and the sun would at all times he in the plane of 

"■ the equator, and there would be no change of seasons. If 

JfS were more inclined from the perpendicular than it now 

is, then we should have a greater change of seasons. 

By inspecting the figure, we perceive, also, that when it is 
summer in the northern hemisphere, it is winter in the 
southern ; and conversely, when it is winter in the northern, 
it is summer in the southern. 

When a line from the sun makes a right angle with the 
earth's axis, as it must do in two opposite points of its orbit, 
the sun will shine equally on both poles , and it is then in the 
plane of the equator ; which gives equal day and night the 
world over. 

Equal days and nights, for all places, happen on the 20th 
of March of each year, and on the 22d or 23d of September, 
At these times the sun crosses the celestial equator, and ii 
said to be in the equinox. 
, e^„i. The lon^tude of the sun, at the vernal equinox, is 0° ; and 
"I ■"'^ at the autumnal equinox, its longitude is 1^0". 
Ij'"' The time of the greatest north decimation is the 20th of 

Juno ; the sun's longitude is then 90<^, and is said to be at 
the summer solstice. 

The time of the greatest south declination is the 22d of 
December : the sun's longitude, at that time, is 270° and 
is said to be at the miiler siAatkt 
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By inBpeeting the figure, we perceive, that when the eartb c 
ia at the summer solstice, the north pole. N, and a eonfiide- i 
Table portion of the earth's surface around, ia within the en- ™ 
lightened half of the earth ; and as the earth revolves on its J^ 
axis yS, this portion constantly remains enlightened, giving ■>> 
a constant day — or a day of weeks and ruonths duration, 
according aa any particular point is nearer or move remote 
from the pole: the pole itself is enlightened full six months 
in the year, and tho circle of more than 24 hours constant 
sunlight extends to 23° 28' from the pole (not estimating the 
effects of refraction). On the other hand, tho opposite, or 
south pole, S, is in a long season of darkness, from which it 
can be relieved only by the earth changing position in its 

" Now, the temperature of any part of the earth's surface ^^^ 
depends mainly, if not entirely, on its exposure to the sun's „ 
raya. Whenever the sun is above the horizon of any place, 
tiiat place is receiving beat; when betow, parting with it, by 
the process called radiation; and the whole quantities re- 
ceived and parted with in tho year must balance each other 
at every station, or the equilibrium of temperature would not 
be supported. Whenever, then, the sun remains more than 
12 hours above the horizon of any place, and less beneath, 
the general temperature of that place will be above the ave- 
rage ; when the reverse, below. As the earth, then, moves 
from A to B, the days growing longer, and the nights shorter 
in the northern hemiaphere, the temperattire of every part of 
that hemisphere increases, and we pass from spring to sum- 
mer, while at the same time the reverse obtains in the southern 
hemisphere. As the earth passes from £ to C, the days and 
nights again approach to equality — the excess of temperature 
in the northern hemiaphere, above the mean state, grows less, 
as well aa its defect in the southern ; and at the autumnal 
equinox, C, the mean state ia once more attained. From 
thence to D. and. finally, round again to A, all the same phe- 
nomena, it is obvious, must again occur, but reversed; it being 
now winter in the northern, and summer in the southern 
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CBiK (V. The inqniry is aometimea made why wt do not have the 
narmest weather about the aummcr aolstice, and the coldest 
weather about the time of the winter solstice. 
Tiowi ef This would be the case if the sun immediately ceased to 
"^™*"'" give extra warmth, on arriving at the summer Bolstice; but 
if it could radiate extra heat to warm the earth three weeka, 
before it came to the solstice, it would give the same estea 
heat three weeks after; and the northern portion of the earth 
must continue to increase in temperature as long as the sun 
continues to radiate mote than its medium degree of heat 
over the aurface, at any particular place. Conversely, tho 
whole region of country continues to grow cold as long as 
the suD radiates less than its mean annual degree of heat 
over that region. The medium degree of heat, for the whole 
year, and for all places, of course, takes place wheii the sun 
is on the ecjuator; the average temperature, at the time of 
the two equinoxes. The medium degree of heat, for our 
northern summer, considering only two seasons in the year, 
takes place when the sun's declination is about 12 degrees 
north ; and the medium degree of heat, for winter, takes place 
when the sun's declination is about 12 degrees south; and 
if this be true, the Jieat of summer will begin to decrease 
about the 20th of August, and the cold of winter must essen- 
tially abate on or about the 16th of February, in all northern 
latitudes. 



CHAPTER V. 



( 83.) We now come to one of the most important sulrjeuii 
in astronomy — the equation of time. 

Without a good knowledge of this subject, there will be 

constant confusion in tho minds of tho pupils; and Buch is 

the nature of the case, that it is difficult to understand even 

ihe/Mls, without investigating their causes. 

HitKvii Sidereal time has no equation; it is uniform, and, of ItseU 

le inrftoi perfect and complete. 
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The time, by a perfect clock, iti theoretically perfect and <Jau. < 

complete, and is called mean lime. 

The time, by the sun, is not unijunn; and, to make h EoIu t 
agree with thA perfect clock, requires a correction — a quan- "^""""' 
tity to make equality; and this quantity is called the equa- 
tion of time.* 

If the sun were stationary in the heavens, like a star, it 
(lould come to the meridian after exact and equal intervah 
if time; and, in that case, there would be no equation of 
time. 

If the aun's motion, in right ascension, were uniform, then 
it would also come to the meridian after equal intervals of 
time, and there would still be no equation of time. But 
( speaking in relation to appearances ) the sun is not station- 
ary in the heavens, nor doea it move uniformly ; therefore it 
cannot come to the meridian at equal intervals of time, and, 
of course, the solar days must be slightly unequal. 

When the sun is on the meridian, it is then apparent noon, m.s- 
for that day : it is the real solar noon, or, as near as may be, "pi"""" 
halfway between sunrise and sunset; but it may not be 
noon hy the perfect clock, which runs hypothetically true and 
uniform throughout the whole year. 

A fixed utar comes to the meridian at the expiration of 
iirery23h. 56m. 04.09 s. of mean solar time ; and if the sun 
were statioiary in the heavens, it would come to the meridian 
after every expiration of just that same interval. But the 
sun increaws its right ascension every day, by its apparent 
eastward motion ; and this increases the time of its coming 
to the meridian; and the ntecm hUerval netween its successive 
transits o^'er the meridian is just 24 hours ; hut the actual 
interval" are variable — some less, and some more than 24 

On anJ about the Ist of April, the time from one meridian 
of the ^un to another, as measured by a perfect clock, is 23 h. 
59 m ')2.4 B. ; lens than 24 hours by about 8 seconds. Here, 
thou, the sun and clock must he constantly separating. On 

■ Id astronomy, tlie term equation is appJied to all corTocti«iii (o 
einvBrt a mean to ita true quanfitj. 
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au. V. and about the 20tli of December, the time frum o-^e meridiau 
of the sun to another is 'lih. Om. 24.3s., more than 24 
seconds oyer 24 hours; and this, in a few days, increasea to 
minutes — and thus we perceive the fact of equation of time. 

Equation To detect the law of this variation, and find its amount, 

'"" we must separate the cause into its two natural divisious. 

HI 1 . The wiequal apparent motion of the sun alon^ Ike edijptic. 

2. The variallt indinalion of thU motion to the equator. 
If the sun's apparent motion aiong the ecliptic were uni- 
form, still there would be an equation of time; for that mo- 
tion, in some parts of the orbit, is oblique to the equator, and, 
in other parts, parallel with it; and its eastward motion, in 
right ascension, would be greatest when moving parallel with 
the equator. 

From the first cause, separately considered, the sun and 
clock would agree two days in a year — the 1st of July and 
the 30th of December. 

From the aecood cause, separately considered, the sun and 
clock agree four days in a year — the days when the aun 
crosses the equator, and the daya he reaches the solstitial 

When the results of these two causes are combined, the 

sun and clock will agree four daya in the year; but it ia on 

neither of those days marked out by the separate causes ; and 

the intervals between the several periods, and the amount of 

the equation, appear to want regularity and symmetry. 

Dift in The four days in the year on which the suti and clock 

'.J"" " agree, that is, show noon at the same instant, are April 15th, 

n ud June 16th, September 1st, and December 24th. 

k\ (fiH. rj-jju greatest amount, arising from the first cause, ia 7 m. 

42 s., and the greatest amount, from the second cause, is 9 m. 

53 s. ; hut as these maximum results never happen exactly at 

the same time, therefore the equation of time can never 

amount to 17 m. 35 b. In fact, the greatest amount is 16 ra. 

17 s., and takes place on the 3d of November ; and, for a long 

time to come, the maximum value will taie place on the same 

day of each year; but, in the course of ages, it will vary in 

its amount and in the time of the year in which the sun and 
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clock agree, in consequence of the slow and gradual change c«». t. 
in the position of the solar apogee. (See Art. 77.) 

( 84. ) The eUiptical form of ibe earth's orbit gives rise to Th. .^a^ 
the unequal motion of the earth in ils orhit, and thence to the |^^",^ ^J^' 
apparent unequal motion of the sun in the ecliptic; and this ,nd ih. fi..i 
same unegual motion ia what we have denominated the first p^^^°'_^ '|'' 
cause of the equation of time. Indeed, this part of the equa- ,;„,, hj,. 
tion of time is nothing more than the equation of the center • coBimei 
(SO), changed into time at the rate of four minutes to a degree. """* 

The greatest equation for the sun's longitude (81, note), 
is by observation 1° 55' 30" ; and this, proportioned into 
time, gives 7 m- 4ii s., for the maximum effect in the equation 
of time arising from the sun's unequal motion. When the sun 
departs from its perigee, its motion is greater than the mean 
rate, and, of course, comes to the meridian later than it other- 
wise would. In such cases, the sun is said to he slow— -and 

it is slow aU the way from its perigee to its apogee; and fast 

in the otlier half of its orbit 

For a more particular explanation of the second cause, we 

must call attention to Fig. 22 
Let T^'^ (Fig 

22 ) represent the ■ 

ecliptic, and V C:^T 

the equator. 
By the first c 

rection, the apparent. ■ 

motion along the 

ecliptic ia rendered I 

uniform ; and the s 

is then supposed to I 

pass over equal spaces 1 

in equal intervals of V 

time along the 

fpSffi. But equal § 

spces of arc, on the ecliptic, do not correspond with equal 

spaces on the equator. In short, the points on the ecliptie 

must be redu-ied to corresponding points on the equator 
For instance, the number of degrees represented by T 5 on 
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Ci«rv. the ecliptic, is greater than to the same meridian along the 
equator. The diiFerence between ^S and t|>5", turned into 
time, is the erjuation of time arising from the obliquity of the 
ecb'ptie corresponding to the point S. 

At the points t, sb, and £=. and also at the southern 
tropic, the ecliptic and the equator correBpond to the eamc 
meridian; but all of/eer equal dislances, on the ecliptic and 
equator, are included by different meridians. 
Ho- u To compute the equation of time arising from this cau.se. 
'^"* "■• we must solve the spherical triangle 'pSS'- T^'is the sun'e 
af ih. tv^ longitude, and the angle at 'v is the obliquity of tho elliptic, 
lian ortJiM. and at 5^' is a right angle. Assume any longitude, as 32° 
35°, or 40°, or any other number of degruea. and compute 
the base. The difference between this base and the pun's 
longitude, converted into time, is the quantity sought corre- 
Bponding to the aBSumed longitude ; and by assuming every 
degree in the first quadrant, and putting the result in a table, 
we have the amount for every degree of the entire circle, for 
all the quadrants are symmetrical, and the same di tancf from 
either equinox will be the same amount, 
ttiiai i. The perfect clock, or mean time, correspoods with the 
""Id'iT '^l""'^''' *"•• "^ uniform spaces along the equator, near the 
*fi\o.,i. poin* T, will pass oyer more meridians than the same num- 
ber of equal spaces on the ecliptic ; therefore tho sun, at S, 
will be/oa( of dock, or come to the meridian before it is noon 
by the clock — and this will be true all the way to the tropic, 
or to the Oflth degree of longitude, where the sun and clock 
will agree. In the second quadrant, the sun will come to the 
meridian after tlie clock has marked noon. In tho third qua-, 
drant tho Hun will again le/oii; and, in the fourth quadrant, 
again slow of clock. 

It will be observed, by inspecting the figure, that what the 
8un loses in eastward motion, by <Mique airectum near the 
equator, is made up, when near the tropics, by the diminished 
distances between the meridians. 

For a more definite understanding of this matter, wa givt 
the following table. 
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Tt^e showing ilw separate residls of tite two causes for the equa- 
tion o/ lime, correspondiny to every fftk day of tlie second 
t/eart after leap year ; but is nearly correct fur any year. 







1.t.J»»H. 


aJcaa.e 






"ai'c™. 






ordX 


Sun .lo" 






Snu >Id>v. 






m. B. 


"nTsT 




m. 8. 


m. a. 


Jan>.» 


v5 

'10 


41 

1 23 


5' 8 
6 35 


July 1 


0" 6 

40 


3 '33 
5 8 






2 a 


7 48 


la 


1 19 


6 35 




an 


a 41 


8 45 


17 


1 57 


7 48 




25 


3 19 


9 26 


22 


3 35 


845 




39 


3 56 


9 49 




3 13 


9 26 


Feb. 


3 


4 30 


9 53 


Aug. a 


3 47 


9 49 




a 


5 2 


9 40 




4 21 


9 53 




1.3 


5 33 


9 9 


la 


4 53 


9 40 






S 39 


8 23 


17 


5 22 


9 9 




23 


6 34 


7 22 


32 


5 50 


8 23 




28 


645 


6 9 


38 


G 14 


7 22 




5 


7 3 


4 46 


Sepi. a 


6 36 


6 9 




JO 


7 18 


3 15 


7 


6 56 


4 46 




15 


7 29 


1 39 


13 


7 la 


3 15 




20 


7 37 


aun fast 


17 


7 24 


1 39 




as 


7 43 


1 39 




7 34 


suu fast 




30 


7 42 


3 15 




7 40 


1 39 


April 


4 


7 40 


4 46 


Oct. 3 


7 43 


3 15 




9 


7 34 


6 9 


8 


7 40 


4 46 




14 


7 24 


7 22 


13 


7 34 


6 9 






7 12 


8 23 


18 


7 24 


733 




24 


6 56 


9 9 


33 


7 la 


833 




30 


6 3G 


9 40 


38 


6 56 


9 9 


May 


5 


G 14 


9 53 


Nov. a 


6 36 


9 40 




10 


5 50 


9 49 


7 


6 14 


9 53 




15 


5aa 


9 36 


13 


5 50 


9 49 




ao 


4 53 


8 45 


17 


5 33 


9 36 




afi 


4 21 


7 48 


23 


4 53 


8 45 




31 


3 47 


6 35 


37 


4 33 


7 48 


Jr-ie 


.1 


3 12 


5 8 


Dec. 3 


3 47 


6 35 




10 


3 35 


3 32 


7 


3 12 


5 8 




16 


1 57 


1 48 


la 


3 35 


3 32 




21 


1 19 


sun Blow 


17 


1 57 


1 48 




36 


40 


1 43 


31 


1 19 


Bun Blow. 











36 


_ .0 «_ 


1 48 



By this table, the regular and Bymmetrical result of eacli 
eausQ is vitjible to tho eye ; but the actual value of the equa- ^n 
tion of time, fur any particular day, Is the combined results '° 
of these two caiitms. Thus, tu find the equation of time for 
The .5th djy iif March, we look at the table and find that 
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Cmr. Y The first cause gives sun alow, - - - 7m. U a. 
The second, " sun slow, - - - 4 46 
Theirconibmedreault(oralgebraiGBum)is 11 49 slow. 

That ia , the sun being slow, it does not come to the meridian 
until 11 m. 49 s. after tlie noon shown bj a perfect clock ; but 
whenever the sun is on the meridian, it is then noon, apparent 
time ; and, to convert tbia into mean time, or to set the clock, 
we must add 11 m. 49 a. 
V— of lit By inspecting the table, we perceive, that on the 14th of 
•qiu aa a ^pj,j] ^^^ j^^^ results nearly counteract each other ; and con- 
sequently the sun and clock nearly agree, and indicate uoon 
at the same instant. On the 2d of November the two reaulta 
unite in making the sun fosl; and the equation of time ia 
then the sum of 6 36 and 9 40, or 16 m. 16 s. ; the maximum 

The sun at this time being fast, shows that it comes to the 
meridian 16 ra, 16 a. before twelve o'clock, true mean time ; 
or, when the sun is on the meridian, the clock ought to show 
lib. 4i!m. 448. ; and thus, generally, M/(en the sun is fasl,w» 
must sudtract the equation of time from apparent time, to obtain 
mean time; and conversely, when the sun is slow. 

As no clock can be relied upon, to run to true mean time, 
or to any exact definite rate, therefore clocks must be fre- 
quently rectified by the sun. We can observe the apparent 
time, and then, by the application of the equation of time, wb 
determine the true mean time. 
A libit lot (85-) -As the sun has a particular motion. correHponding 
eqniiioB of to every particular point on the ecliptic, and, at the same 
■ "* ''"oiB *™^' ^^^ particular point on the ecliptic has a definite rela- 
nm'i longi tion to the equator, therefore any point, as jS (Fig. 22), on 
'* the ecliptic, has the two corrections for the equation of time ; 
consequently a table can be formed for the equation of time, 
depending on the longitude of tl^ aun; and such a table 
would be perpetual, if the longer axis of the solar orbit did 
not change its position in relation to the equinoxes. But aa 
that change is very slow, a table of that kind will Enrve fot 
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many years, with a very trifliDg correction, tad such a table 
is to be found in many astronomical works. 

It 13 very important that the navi^alor, ttatrorwmer, and 
dock regulator, should thoroughly understand the eijuntion of ^^ 
time; and persons thus occupied pay great attention to it; 
but most people in common lU'e are hardly aware of its ex- 
istence. 



CHAPTER VI. 

TUB APPABENT U0IION3 OP THE PLANETS. 

(86.) Wb have often reminded the reader of the groat * "*"■ '" 
regularity of the fixed stars, and of their uniform positions iu 
relation to each other ; and by this very regularity and con- 
stancy of relative positions, we denominate them fixed; but 
there are certain other celestial bodies, that manifestly change 
their positions in space, and, among them, the sun and moon 
are most prominent. 

In previous chapters, we have examined some facts con- HM.pii 
ceming the sun and moon, which we briefly recapitulate, as " "' 
follows: 

1. That the sun's distance from the earth is very great; 
but at present we cannot determine how great, for the want 
of one clement — its horizontal parallax. 

2. Its magnitude is much greater than that of the earth. 

3. The distance between the sun and earth is slightly va- 
riable ; but it is regular In its variations, both in distance and 
in apparent angular motion. 

4. Tlie moon ia comparatively very near the earth; its 
distance is variable, and its mean distance and amount of 
variations are known. It is smaller than tho earth, althongh, 
to the mere vision, it appears as large as the sun. 

■ The apparent motions of both sun and moon are always in 
one direction; and the variations of their motions are never 
far above or below the mean. othatcei 

But there ai'c several other hodiea that are not fixed stars ; tui badj«! 
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tjH.p.^i. and although not as conspicuous as the sun &nd moon, bav» 
Ijcen known from time immemuriul. 

They appear to beloug to one family; but, before tbe true 

■yatem of the world was discoveied, it was impossible to give 

any rational theory concerning their motions, so irregular 

and erratic did they appear; and this very irregularity of 

their apparent motions induced us to delay our investigations 

concerning them to the present chapter, 

ThapltB- j„ general terms, these bodies are called planets — and 

■~ '■ there are several of recent discovery — and eorao of very 

recent discovery; but aa these are not conspicuous, nor well 

known, all our investigations of principles will refer to the 

larger planets, Venus, Mars, Jupiter, and Saturn. We now 

commence giving some oi^^ved /aeia, as extracted from the 

Cambridge astronomy 

Tha Bom- (87.) " There are few who have not observed a beautiful 

"*""''"" star in the west, a little after sunset, and called, for this rea- 
son, the evening star. This star is Venua If wo observe it 
for several days, we find that it does not remain constantly 
at the same distance from the sun. It departs to a certain 
distance, which is about 45", or |tli of the celestial hemi- 
splierc, after which it begins to return ; and aa we can ordi- 
narily discern it with the naked eye only when the sun is 
below the horizon, it is visible only for a certain time imme- 
diately after sunset. By and by it sets with the aun, and 
then we are entirely prevented from seeing it by the sun's 
light. But after a few days, we perceive, in the morning, 
near the eastern horizon, a bright star which was not visible 
before. It is aeen at first only a few minutea before sunrise, 
and is hence called the iiwming star It departs from the 
aun from day to day, and precedes its rising more and more, 
but after departing to about 45°, it begins to return, and 
rises later each day ; at length it rises with the sun, and we 
cease to distinguish it. In a few days the evening star again 
appears in the west, very near tlie sun ; from which it deparli 
in tbe same manner as before; again returns; disappears for 
a short time; and then the morning star preaenta itself. 
These alternations, observed without interruption for more 
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than '2000 ycara. evidently indicato that tho evening and c«»_'_*' 
moruingstar are one and the samo body. Tliey indicate, also, 
Ihat this star has a proper motion, in virtue of which it oscil- 
lates about the sun, anmetimea preceding and sometimes fol- 
lowing it 

These are tho phennmena exhibited to the naked eye ; but 
the admirable invention of the telescope enables us to oarry 
our observations much farther " 

( 88. ) On obBcrving VenuB with a telescope, the irraduiiiim Thu phi...i 
K, in a great measure, taken away, and we perceive that it 
has pkosea, like the moon. At evening, when approaching the 
sun, it presents a luminous crescent, the points of which are 
from the sun. The crescent diminishes as the planet draws 
nearer the sun ; but after it baa passed the sun, and appears 
on the other aide, the crescent ia turned in the other direction ; 
the enlightened part always toward the sun, showing that it 
receives its light from that great luminary. Tho crescent .^ .^,, 
now gradually increases to a aemioircle, and finally to a full of vanni md 
circle, as the planet again approaches the sun ; but, as tfie '" "ppi^m 
crescent increases, l/'e apparent diamOerof the plartadimimshes ; ,,,„ „,„, 
and at every alternate approach of tho planet to the sun, the ■ponding 
phase of the planet is full, and the apparent diameter small ; " * ' 
and at the other approaches to the sun, the crescent diminishea 
down to zero, and the apparent diameter increases to its 
maximum. When very near the sun, however, the planet is 
lost in the sunlight ; but at some of these intervals, between 
disappearing in the evening, and reappearing in the morning. 



it appears ti 



t round, b/ac/e spot ; 



giving a fine opportunity to measure its greatest apparent 
diameter.* WTien Venua appears full, its apparent diameter 
is not more than 10", and when a black spot on the sun, it 
ia 59". 8, or very nearly 1'. Hence its greatest distance must 
be, to its least distance, as 59".8 to 10, or nearly as 6 to 1. 

* Astronomers do not measure the apparent diameters of 
the planets by the process described for the sun and moon, 
because they pass the meridian too quickly. Most of them will 
pass the meridian in a small fraction of ft second. They use 
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I. (89-) When we eome to form a theory coneerning the 
real motion of this planet, we must pay particular attention 
to the fact, that It is always in the same part of the heavena 

si- as the sun — never departing more than 47° on each side of 

■^ it — called its greatest elmgoium. In consequence of being 
always in the neighborhood of the sun, it can never come to 
the meridian near midnight. Indeed, it always comes to the 

•" meridian within, three hours 20 minutes of the sun, and, of 
course, in daylight. But this does not prevent meridian ob- 
aervations being taken upon it, through a good telescope;* 

a mcroiwler, which is two spider lines, always parallel, near 
the focuB of a telescope, and so attached, by the meckanUm of 
screws, as to open and close at pleasure. 

To understand its grade of adjustment, bring the two lines 
together, so as to form one line. Then take any object, 
whose angular diameter is known at that time, as the diame- 
ter of the sun, and open the lines ao as just to take in its 
disc, counting the turns, and parts of a turn given to the 
index screw to open to this object. From this we can com- 
pute the angle corresponding to one turn, or to any part of a 
turn, of the index screw. 

Now if we wish to measure the apparent diameter of any 
planet, bring the lines together, and then open them, just to 
inclose the planet; and the number of turns, or the part of a 
turn, given to the screw, will determine the result. 

This may not be the exact mechanism of every micrometer, 
but this is the principle of their construction. 

• Perhaps w? onght to have infurmeJ the reader bafore, "that the 
starB continue visible Ihrouffh telescopes, during the day, as well as (he 
night ; and that, in proportion to the power of the instrument, not only 
the largest nnd brightest of them, bat even those of inferior luster, such 
as scarcely strike the eye, at nighl, as at sll conspicuous, are readily 
found and followed even al noonday,— unless in thai pari of the sky 
which is very near the sun,— by (hose who possess (he means of point- 
ing a telescope accurately to the proper places. Indeed, from the bot- 
toms of deep narrow pits, such as a well, or the shaft of a mine, sucb 
bright slats as pass the lenith may even be discamed by the naked eye; 
and we have ourselves heard it staled by a celebrated optician, thai ths 
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Md, BS to this partionlar planet, it is sometimes so bright as Chif-J 
to be seen by tbe unassisted eye in tlie daytime. 

( 90.) Even mitliout instruments r jid meridian obi ervations, Mottoi 
the attentive observer can determine that the motion of Venus, ^^"^ 
iu relation to the stars, is very irregular — sometimes its „„,. 
motion is rapid — sometimes slow — sometimes direct— some- 
limes stationary, and sometimes Tarograile;'^ but the direct 
motion prevails, and, as an attendant to the sun, and in its 
own irregular manner, as just described, it appears to tra- 
verse round and round among the stars. 

(91. ) But Venus is not the only planet that exhibits the m< 
appearances we have just described. There is one other, and '^^^^ 

only one Mercury ; a very small planet, rarely visible to the iov«n, 

naked eye, and not known to the very ancient astronomers. 
Whatever description we have given of Venus applies to Mer- 
enry, except in degree. Its variations of apparent diameter 
ate not so great, and it never departs so far from the sun ; 
ind the interval of time, between its vibrations from one side 
to the other of the sun, is much less thau that of Venus. 

(92.) These a^earancea clearly ittdtcale thai the mtt must Se a c 
the center, or near the center, of these motions, ami not the earth ; 
and that Mercury must revolve in an orbit mihin thai of Vemis. 
So elear and so unavoidable were these inferences, that ever, 
theanraents (who were the most determined advocates for 
the immobility of the earth, and for considering it as the 
principal object in creation — the center of all motion, etc.) 
were compelled to admit them; but with this admission, they 
contended, that the sun moved round the earth, carrying 
these planets as attendants. 

(93.) By taking observations on the other planets, the an- q.^, 
eient astronomers found them variable in their apparent diam- tv 

earliest ciroumHtance which drew his Ettention to astronomy, waa tlie 
regular appsaranoe, at a CBiUin hour, for several successive days, of a 
considerable stBr, Ihrougli the shaft of a chimney."— H«r»ei*('» Aelrn- 

• In astronomy, direct motion is eastward among the stars ; etatien- 
,Ty Is no apparent motion, in respect to the itarB ; and retrograde is « 
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C>u. VI. etors, and angular motionB; so much so, that k was impossihie 

»n of Ui* 'o reconcile appearances iciih th idea of a sUUionary 2>oinl oj 

piu*» *n ohaervation ; unless the appearances were taken for realities. 

and that was agaiDst all true notions of pLilosnphy, 

The planet Mars is most remarkable for its variations ; and 
ihe great distinction between this planet and Venus, is, that 
it does not alwayei accompany the sun ; but it sometimes, yea, 
at regular periods, is in the opposite part of the Leavens froiu 
the sun — called Opposition — at which lime it rises about 
sunset, and comes to the meridian about midnight. 
"Hi. nrA The greatest apparent diameter of Wars takes place when 
urofiuico' ^^^ planet is in opposition to the sun, and it is then 17". 1; and 
Hon. its least apparent diameter takes place when in the neighbor- 

Iiood of the sun, and it is then but about 4"; s/iowim/ thai the 
Sim., and not the earth, is l/te center of its motion. 
Syjumttic The general motion of all the planets, in respect to the 
intjniantiei ^^^^^^ jg direct,' that is, eastward; but all the jjlanets thai 
attain opposition to the sun, while in opposition, aiid for some 
time beforo and after opposition, have a retrograde motion — 
and those planets which show the greatest change in appa- 
rent diameter, show also the greatest amount of retrograde 
motion — and all the observed irregularities are Bystematic in 
their irregularities, showing that they are governed, at least, 
by constant and invariable laws. If the eaith is really sta- 
tionary, we cannot account for this retrograde motion uf thfl 
planets, unless that motion is real ; and if real, why, and 
how can it change from direct to stationary, and from station- 
ary to retrograde, and the reverse? 
S(iregrad8 Bvt if we comcive the eurl/' in motion, and goinff the same 
nntion ofiha j^^^y j^f/^ //^g planet, and moving more rapidly tlian l}te planet, 
woBieJ for. '^*t '^ iilanet jeill appear to run hack ; thai u, retrograde. 

And aa this retrogradation takes place with every planet, 
when the earth and planet are both on the same side of tha 
fluti, and the planet in opposition to the sun ; and as these cir- 
cumstances take place in all positions from the sun, it is a suf- 
ficient explanation of these appearances ; and conversely, then, 
these appearances show the motion of the earth. 

(94.) When a planet appears stationary, it must be really 
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■o, or be moving direotly to or from Ihe observer. And if it Cuij vl 
bo moving to or from the observer, that circumstance will be Plueu d6< 
indicated by the change in apparent diameter; and observa- •'•""""■^ 
tions confirm this, and show that no planet ia really station- 
try, although it may appear to be so. 

(95.) If we suppose the earth to be but one of a family of Tin euii . 
bodies, called planets — all circulating round the sun at dif- pi*"*- 
fercnt times — in the order of Mercury, Venug, Earlh, Mars 
(omitting the small telescopic planets), Jupiter, Saturn, Her- 
schel, or Uranus, tre can then give a rational and simple ac- 
count for every appearance observed, and without Jiaeussing 
the ancient objections to the true theory of the solar system, 
we shall adopt it at once, and thereby save time and labor, 
and introduce the reader into simplicity and truth, 

(96.) The true solar system, as now known and acknow- Cop«™k«i 
[edged, is called the Copernican system, from its discoverer, . 
Copernicus, a native of Prussia, who lived some time in the um. 
fifteenth century. 

But this theory, simple and rational as it now appears, and i-d^i isu n 
capable of solving every difGculty, was not iramediately adop- "'""■ 
ted ; for men had always regarded the earth as the chief 
object in God's creation ; and consequently man, the lord of crea 
tiou, a faoat important being. But when the earth was hurled 
from its imaginary, digniSed position, to a more humble 
place, it was feared that the dignity and vain pride of man 
roust tall with it; and it is probable that this was the root 
of the oppodtion to the theory. 

So violent was the oppoflition to this theory, and so odious QKiiLa* u^ 
would any one have been who had dared to adopt it, that it hudirt,^,, 
appears to bave been abandoned for more than one hundred 
years, and was revived by Galileo about the year 1620, who, 
to avoid persecution, presented his views under the garb of a 
dialogue between three fictitious persona, and the points left 
undecided. 

But the caution of Galileo was not sufficient, or his dia- 
logue was too oonvinoing, for it woke up the sacred guardians 
of truth, and he was forced to sign a paper denouncing the 
theory as heresy, on the pain of perpetual Imprbonment. 
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CNir. VI But this is a digresaon. With the history of sstrouom; u 
interestiDg as it may be, ne design to have little to do, and 
to proceed onlj with the science itself. 



CHAPTER VII. 

FIBST APPROXIMATIONS TO THB KELATIVfl DlSTANCEa OV TUB 
PLANETS FROM THB SON. HOW THE RESDLTS ARE OBTAIHED. 

(97.) Bbimq convinced of the truth of the Copemicao 

system, the next step seems to be, to find tbe periodlual times 

of the revolutions of the planets, and ai least their relative 

distances from the sun. 

„ Mercury and Verms, never eonung in opposition to the sun, 

"■ but revolving around that body in orbits that are within that 

„. of the earth, are called inferior planets. 

Those that como In opposition, and thereby show that 
their orbits are outside of the earth, arc eaUed superior 
planets. 

We shall show how to investigate and determine the posi- 
tion of one inferior planet ; and the same principles will be 
sufficient to determine the position of any inferior planet. 

It will be sufficient, also, to invesiigate and determine the 
orbit of one superior planet; and if that ia understood, it may 
be considered as substantially determining the orbits of all 
the superior planets ; and after that, it will bo sufficient to 
state results. 

For materials to operate with, we give the following table 
of the planeUry irregularities ( so called ) drawn from obser- 
vation : 



P1.0.U. 


Appa«„l 




A„«ul« Di,. 
from Sun at ih« 
inElMitofbeing 


^M,an.K.f 


Earth. 

Mars. 

Jupiter. 

Saturn. 

Uraau.. 


11.3 

59.6 


5.0 

».6 


18 00 

2S48 


13 30 
16 13 


44.5 
211.1 
4.1 


3.6 

30.1 
16.3 

3.7 


136 49 
115 12 

lOe 54 
103 30 


16 13 
9 54 
6 IS 
3 .16 
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riuKU. 


Mau Uuralion of Ihe Relro- 


SaTO 




of lbs Synodic 
ays. 


Mercury. 


23 dayii. 












584 
















73 " 




780 






lai " 










lag " 




378 




Uranus, 


151 " 




370 





In the preceding table, the word mean ie used at the head why i 
of several columns, becaiiae these elements are variable — """' "' 
Bomctimes mure and siimctimeB less, than the uuinbcra here qu^, 
given — which indicates that the planets do not revolve in cir- 
cles round the sun, but most probably in ellipses, like the orbit 
of the earth, 

Oa the supposition, however, that the planets revolve in 
circles { which is not far from the truth ), the greatest and 
least apparent diameters furnish us with sufficient data to 
compute the distances of the jilaneta from the sun in rdation 
to the distaiice of the earth, taken as unity. 

( 98.) In addition to the facts presented in the preceding The etor 
table, we must not fail to note the important element of the l"|"'"f^ 
elmtgations of Mercury and Vtnus. This term can be applied no^ 
to no other planets. 

It is very variable in regard to Mercury — showing that ThiieiBic 
the orbit of that planet is quite eHiptical. The variation is "/'^ , 
much less in regard to Venus, showing that Venus moves ihowt. 
round the sun more nearly in a circle. 

The least extreme elongation of Mercury is 

The greatest " " " is 

The mean (or the greatest elongation when 
both the earth and planet arc at their 
mean distances from the sun ) is - 

The least extreme elongation of Venus is 

The greatest " " " is 

The mean (or at mean distances), is 

The least estreraes must happen when the planet is in ita 
perigee and the earth in its apogee, and the greatest when 
the earth is in perigee and the planet in apogee; but it is 



' 37'. 



2-1° 46'. 
44° 58'. 
47° 30'. 
46° 30'. 
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f. VII, very Ecldom that these two circumatanceB take piece at the 

same time. 
"* " Relying on these facts as established by observatioiiB. we 
ivg can easily deduce the relative orbits <if Mercury and VenuB. 
iti"!" Let S (Fis. 23) re- 

i.,cu,y, * present the sun, M the 

■ earth. V Venus. 

Conceive the planet 
to pass round tbe sun 
in tie direction of A 




The earth r 
1 the f 



le direction. 



I but not i 

I Venus. 

Now it is clearly evi- 
I dent, from inspection, 
I that when the planet is 
ing by the earth, as 
I at £, it will appear to 
1 pass along jn the hea- 
n tho direction of 
m to n. But wlien tlio planet is passing along in its orbit, at 
A. and the earth about the position of L', (.be planet will 
appear to pass in the direction of n to m. When the planet 
is at 1^ as represented in the figure, its absolute motion is 
nearly toward the earth, and, of course; its appearance is 
nearly stationary. 
* It is absolutely staHonary only at one puint, and evea then 
n. but for a moment ; and that point is where its apparent mo- 
tion changes from direct to retrograde, and from retrograde 
to direct; which takes place when the angle SE V is about 
29 degrees on each side of the line ■ K. 

When the line E I touches the circumference A VB, the 
angle S E V, or angle of tlongaliun, is then greatest ; and the 
triangle 8.E Fis right angled at V; and if SE is made ra- 
aiu9. S r will be the sine of the aiigle SE V. 

Bu*. the line SA' is assumed ei^ual to unily, and then S V 
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will be thii nutural sine of 46° 20'. and can be taken out of , 
any table of natural sines; or it can be computed by loga- 
rithms, and the result is .72336. 

For the planet Mercury, the mean of the same angle is 
22 46'; and the natural sine of that angle, or the mean radius 
of the planet's orhit, is .38698. 

Thus we haye found the relative mean distanees of three 
planets from the sun, to stand as follows ; 

Mercury, 0-3S69S 

Venus, 0.72336 

Earth, 1-00000 

( 99, ) If the orbits were perfect circles, then the angle 
SEV, of gi-eatest elongation, would always bo the Bame; , 
but it is an observed /ad that it is not always the same; ' 
therefore the orbits are not circles ; and when ST ia least, 
find S' .ff greatest, then the angle of elongation is least/ and 
eonveraely, when S T is greatest and SE least, then the 
angle of elongation is the greatest possible; and by ohserving 
in what parts of the heavens the greatest and least elongations 
lake place, we can approximate to the positions of the longer 
axis of the orbits. 

( lUO. ) By means of the apparent diameters, we can also 
find the approximate relations of tbcir orbits. For instance, , 
when the planet Venus is at B. and appears on the sun's ■ 
disc, its apparent diameter is 59".6; and when it is at A, or 
as near A as can bo seen hy a telescope, its apparent diame- 
ter is 9". 6. Now put 

SS=x; then EB^l—x, and AE=l-\-x. 
By Art. 66, 1— a : 1+^ : : % : 596; 
Henee, - - - - ;r=0.72254. 

By a like computation, the mean distance of Mercury froni 
tne 8<an is 0.3864. 

(101.) To determine the i 
raperior planets from the sun, 

Lot S (Fig. 24) represent the sun, £ the earth, and i/" one 
of the auj,erior planets, say Aftir.i. It is easy to decide, from 
observation, when the planet is in opposition to the max. 



relative distances of the 
'oeeed as follows r 
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This gives the pod'ilK-'- 
of S, E, and M. in one 
right line, in resj^iec' 
to longitude. Now bj 
Itnowing the true angu- 
lar motion of the earth 
about the sun (73), and 
the mean angular mo- 
tion of the planet, * w» 
can determine the ang!» 
mSi, corresponding to 
any definite future time ; 
fur, by the motion of the 
earth round the sun, we 
can determine the angle 
ESe; and hy the mo- 
tion of the planet in the 
UMSm; and the dif- 



" By means of apparent diameters, we can determine the 
^ values of the orbit. When the pknet is in opposition to the 
e. sun, at ^ (Fig. 24), measure its apparent diameter; and, 
'^ after a definite time, when the earth is at e, measnro the ap- 
ts parent diameter again, and observe the angle S e m. Prn- 
■- ducc Se to n. Then, hy the apparent diameters, we have 
the proportion of e m and en {eni» the same as EM, brought 
to this position); and in the triangle em n we have the pro- 
portion between the two aides and the included angle men. 
These are sufficient data to determine the angles enm and 
emn; and their difference is the angle Sme. Now we can 
determine the side Sm, of the triangle Sme. and tlio triangle 
^'flwi is completely Itnown. Subtract the angle e Sm from 
the whole angle e S M, and the angle M Sm is left. That 
18, while the earth is describing the angle E Se, the planet 
describes the angle MSm. Put P for the periodical revo- 
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rereDc« of these two angles is tbe angle m.V*. By direct < 
observation at e, we determine tlie angle Sent; and two 
angles, and tlio side S e, of tlie triangle Sme, are eufficient to 
detennine the side Sm, tbe value sought. The triangle 
gives the following proportion : 

sin. Sme : 1 :: em.Sefn : Sm=— ~ - . 

This is a general solution, for any superior planet ; but tbe 
result is only approximate; for, until we know the eccentri- " 
city of the orbit in question, and the part of tbe orbit in 
which the planet then is, we cannot accurately know the 
angle MSm. 

iutioD of tbe planet; then, on the supposition of uniform 
motion, we have 

arc MSm : arc £Se i : 365} : P 

In this proportion the two arcs are known, and from thence 
P becomes known ; and tima, tee perceive, that by the variaiitnvi 
of ike apparent diameter of a planet, we can delermim its rela- 
tive distance from the sun, and its periodical revolution. 

We give the following hypothetical example, for tbe pur- 
pose of further illustration. 

The apparent diameter of Mars, when in oppotHion to the su 
teas observed to he 17".l. One hundred and eleven days afle 
aard, w/cen the earth had passed over 110° of its orbit, the appa- 
rent diameter if Miits was again observed, and found to he T' A, 
end Us anffular position, in longitude, was %!" front ike sun 
From these data, it is reijuired to Jind tlie relative approximate 
ditUmee of the planet from ihe sun, and the approximate time of 
its revoliiiion round the sun. 

From these data we have tbe angle M3n-^H(}°, Se m= 
S7°; therefore new=93o. 

By the obsorred apparent diameter, we have £!M to em 
att 7" .4 to 17".l; but EM=en. therefore 

«j : m : : 74 : 171. 
In the triangle nem we can take <n=74, and Em=Vl\, 
for the purpose merely of finding the angles. Then, by trigo- 
nometry, we have 
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CH^^_VU. (102.) By a perusal of the last text note, it will be Been, 

lUtniu by those even who are not expert uiathematicinns, that it is 

u(^ ta'"^ "*** difficult to decide upon the relative distances of the 

pHBt di.. planets irom the sun, by observing their changes in apparent 

"•'•" diameter, as seen from the earth. Such observations have 

been often made, and the following table shows the results l 

which are compared with the resnlta dednced from Kepler's 

Third Law.* 







FnnKtplR^ 










e™. 


Mereary ... 


0.386400 


















1.000000 










+.009641 






.^.an9776 




9.579000 


y.538786 


+.040314 
+.317610 




19^0000 


19.182390 



171+74 : 171—74 ; 



87° 



tan. -^ : tan. ^, difference be- 
tween the angle n and nme. 

That b, - 245 : 97 : : tan. 43° 30' : tan ^ Smt. 

Whence, Sme=41° IV. Now in the triangle Sme, 
Bin. 41° 11' : 1 : : gin. 87"" : 5'm=1.517. 

Secondly, as the angle Sm=41'= 11' and Sem 87°, there- 
fore, - - mSe=51^ 49', and AfSm 58° 11'. 

But the times of revolution, between any two planets, must 
be iiiTerselj as the angles they describe in the same time; 
the greater the angle, the shorter the periodic time; and 
therefore if we put P to represent the periodical revolution 
«f Mars, we shall have 

SSr", : 110 : ; 365f : P. Hence 7'=690| days. 
The true time is 686.97964; shovring an error of a little 
more than three days; but this is not a great error, consider- 
ing the reTnotenesi of the data, and the want of minuteness and 
unity in the mpposed afvervaiiom. Our object is only to 
teach principles; not, as yet, to establish minute results. 

• A principle to be explained in Phyiiol Aatnoomj. 
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' ""■ ^ - (102.) By a perusal of the hst test cote, it will be seen, 
R..iit. by those even who are not expert mathcmaticjans, that it is 
«• i""p^ ""' difficult to decide upon the relative distances of the 
utB! <ii>- planets from the sun. by observing their changes in apparent 
""" diuneter, as seen from the earth. Such observations have 

been often made, and the following table shows the results; 

which are compared with the results deduced from Kepler'i 

Third Law.* 







FnniK«pl.Hi 












Mercnty... 


O^iHOO 








0.723540 


0.TS3331 






1.000000 


1.000000 








1.533692 








5,a0277fi 


—.031999 




9.579000 




+.0408U 
4--317610 




19.SO0000 


19.182390 



1714.74 : 



171—74 : 
and n 



87* 



; tan. J, difference bc- 
twoeti the angle 

Thit 18.-245 : 97 : : tan. 43° 30' : tan i Sme- 

Whenee, &ne=41o 11'. Now in the triangle Sme, 
tin. 410 11' : 1 . . Bin. 87'" : &n=1.517. 

Secondly, as the angle Smt=41'^ 11' and Sem 87^ there- 
fore, - - m&=51° 49', and MSm 58^ 11'. 

But the times of revolution, between any two planets, must 
be iuTersely as the angles they describe in the same time; 
the ffreoUr the angle, the shorter the periodic time ; and 
therefore if we put P to represent the periodical revolution 
«f Mars, we shall have 

58r», : 110 :: 365j : P. Hence i'=690| days. 
The true time is 686.97964; showing an error of a little 
BOTe than three days; but this is not a great error, consider- 
ing the renwtfneas of the data, and the want of minuteness and 
unity in the supposed odttrvoHom. Our object is only to 
toaeh principles; not, as yet, to establish minute results. 

" A principle to be eiplainnj in Physical Altronomy. 
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I. serveii oi, account of the brilliancy of the sun, unless it he tbt 
two planets. Mercury and Venus, and then only when they 
pass directly before the face of the sun, and are projected ou 
its surface as a black spiA. Such conjuncltom are called trawaU. 
( 104.) All the planets move around the sun in the same 
■ direction, and not far from the s^ame plane, and the rudest 
" and most eareless observations show that those planets near- 
< eat the sun perfoim their revolutions in &h rier ponuds than 
'" th ae more remote Fr ra thw we decide at not that the 
mean aigular niclio of all the superior phi eta is leas than 
the mean a g ilar motion of the eartii in its crbit and the 
mean at gular m ti n of the inferior planets as seen from 
the Bun IS grpatei tha the mean motion of the earth. 
( 105 ) Tl e t me that any pUnet comes in opposition to 
> (he Hu can be verj distinctly determined hj ibservation. 
Its longitude IS the 180 degrees fr m the longitude of the 
aun and eomea to tl e meridian n arly or exactly at midnight, 
If it IS a little short of opp aition jt tlip f o le ob^i - 
vatnn and a ]ittle jast at an ther the observer can propor- 
H n t the exact tin e of ] position and suoli time can bo 
definitely recorded — and bj suet obscr ation we have the 
true positun of tho \ lanet ia seen fr m the sun Another 
pj 25 o(.po8 tion of the same kind and 
of the aamt, plaict can be ob- 
served d recordp 1 

The elapsed time between two 
Huch oppositions ia called the sy- 
nodical revolution of the planet. 
We note the time that a 
planet is In opposition to the 
sun. Then.S^'and.afarein 
one plane as represented m Fig. 
25. If the planet M should 
remain al rest while the earth 
E made ita revolution , then 
tlie .synodi<^al revolution would 
be the same as the length of 
year. But all the planets move in the same directioi ml 
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the earth; and therefore the earth, after making a revolu- chip.v 
tioii, must pass onward and employ additional time to over- 
take the planet; and the more rapidly tlie planet moves, the 
longer time it will require. Hence, in case two planets have 
but a small difference in angular motion, their Bjnodical pe- a„erai . 
riod must be proportionately long. The planet Jupiter ■iJmiioi 
moves about 31° in its orbit in a year; and therefore, after 
one opposition, tho earth is round to the same poiut in 365} 
days, and to gain the 31° requires about 32 days more ; hence 
the sjnodical revolution of Jupiter roust be about 397 days, 
by this very roiiijh and imperfect computation. By inapect- 
jng the table on page 105, we perceive that the mean synodi- 
oal revolution of Jupiter is 399 days, and tliis observed fact 
shows us that Jupiter passes over about 31° in a year, and of 
course its revolution must be a little less than 12 yearB; and 
by the same conaderations, we can form a rough estimate of 
the periodical revolution;) of all the planets. 

(IOC.) The general principle being understood, we may 
now be more scientific. The mean motion of the earth Compiiu 
in its orbit is very accurately known. Represent its daily I^^*','a" 
motion by a. The angular motion of the planet ( any supe- ™i»i m< 
rior planet that may be under consideration ) is unknown ; ' ' " 
therefore, represent its daily motion hy x. Let the angle £ 
SC represent a, and the angle MSm represent x; then the 
angle m SCoi ( a — x ) will represent the daily angular advance 
of the earth over the planet; and as many times as the an- 
gle m SC'm contained in 360^, will be the number of days in 






ical revolution. Therefore, = the observed 



ee of a Bynodieal revolution ; and by taking the times from 
e table (page lO.i), we have tlje following equations r 



* These eqnationa correspond to the general equaUon 

(iobinsrinV Algebra, psge 105, University eiiilion. 
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rin. The value of a ia 59' 8", and then a aolulion of these gcv- 
eral equations gives the mean angular motioo, per day, of the 
several planets, as follows : 

Mar.. JopiWr. B.tiim. rr.imi. 

31' 27" 4'59".4 1' 5y".5 45".3 

• •' Dividing the whole circle 360° bj the mean daily motioa 
froni "^ ^^^ planet, will give their respective times of revolution, 
[oiu and the following are the results r 

Mat). Jnpitsi. aiturn. IK-US. 

087 days. 4331 days. 10840 days, 28610 days. 
( 106.) For the inferior planets, Mercury and Vemu, we 
have the same principle, only making .r greater than a, and 

For Mmot- For Venni. 

M.=n8; 1^=584. 

jr=4=2'll"; r=l°36'7". 

" These diurnal angular motions correspond to 89 days for 
tl e revolution of Mercury, and 224.8 days for the revolution 
I ^ e us. All these results are, of course, understood as 
fi st approximations, and aecuroey here is not attempted. 
We a e only showing principles; and it will he noticed, that 
the times here taken in these considerations, are only to the 
nearest days , and not fractions of a day, as would he necessary 
for accurate results. By this method accuracy is never at- 
tempted, on account of the eccentricity of the orbits. Ko 
two synodical revolutions are exactly alike ; and therefore 
it is very difBcult to decide what the real mean values are. 

(107.) To ohtain accuracy, in astronomy, ohservations 
must be carried through a long series of years. The follow- 
ing is an example; and it will explain how accuracy can be 
attained in relation to any other planet. 

On the 7th of November, 1631, M. Cassini observed Mer- 
cury passing over the sun ; and from his observationB then 
taken, deduced the time of conjunction to be at 7 h. 50 m,, mean 
lime, at Paris, and the true longitude of Mercury 44° 41' 35". 
r™. Comparing this occultatlon with that which took place in 
'*^ 1723, the true time of conjunction was November S)th, at 5 h. 
™ 29 m., p. M,, and Mercury's longitude was 46° 47 20". 
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The elapsed time was 92 years, 2 days, 9 h. 39 m. Twenty- c 
two of these years were bissextile ; therefore the elapsed time „[ 
was (92x365) days, plus ^4 d. 9 h. 39 m. 

In this interval, Mercury made 382 revolutions, and 2° 5' 
45" over. That is, in 33604.402 days, Mercury described 
137522.095826 degrees; and therefore, hy divisio?i, we find 
that in one day it would deaeribe 4'- .0923, at a mean rate. 

Thus, knowing the mean daily rate to great accuracy, the 
nican revolution, in time, must bo expressed by the iraction 

j|^ ; or, 87.9701 days, or 87 days 23 b. 15 m. 57 s. 

( 108. ) The following b another method of observing the 
periodical times of the planets, to which we call tlie studenl'i (,j 
tpecial attention. v 

The orbits of all the [ilanets are a little inclined to the " 
plane of tbo coliptie. 

The planes of all the planetary orbits pass through the 
center of the sun ; the plane of the ecliptic is one of them, 
and therefore the plane of the ecliptic and the plane of any 
other planet must intersect each other by some line passing 
through the center of tbo sun. The intersection of tuio jiUaus 
is always a utraiglU line. (See Geometry.) 

The reader must also recognize and acknowledge the fol- 
lowing principle : 

That a body cannot aji^iear to be in tlie jilane of an <Aserver, 
unless it reoliy is in l/tat plane. 

For example: an ohsorver ia always in the plane of hia 
meridian, and no body can appear to be in that plane unless 
it really is in that plane; it cannot be projected into or out of 
that plane, by parallax or refraction. 

Hence, when any one of the planets appears to be in the 
|ilane of the ecliptic, it actually is In that piano; and let the 
time be recorded when such a thing takes place. 

The planet will immediately pass out of the plane, because 
the two planes do not coincide. Passing the plane of the " 
eoliptio is called passing the node. Keep track of the planet 
until it comes into the same plane ; that is, crosses the other 
node : in this interval of time the planet has described just 
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OtF. viti. 180°, as tem from the tuai (unless the nodes tliem»elveB art 
TwoBo.iM in motion, wMch in fact they are; but auuL motion is not 
ISO d>g[»i sensible for ocie or two revolutions of Venus or Mars). 
oih*r,ui«ii Continue observations on the same planet, until it coinc«> 
ftono (he •Hu. into the ecliptic tlio second time after the first observation, 
or to the same node again; and (Ae tivis dajjged, is Che tinu oj 
a rewlulion of Ihui jilunet Tuund Ifie mn. From such observa- 
tions the periodica] time of Venus became well known to 
astronomers, long before thej had opportunities to decide it 
by coni]jaring its transits across the sun's disc ; and by thus 
knowing its periodical time and motion, they were enabled to 
calculule the times and circumstanees of tho transits which 
happened in 1761, and in 1769; save those i-esulting trom 
parallax alone, 
riiitiduof (109.) On eom paring the time tnat a planet remains on 
.r mTX^- ^^'^^ ^^^^ '''" *-^^ ecliptic, we can form some idea of the position 
■"■ of its apogee and perigee. If it is observed to be on each side 

of the ecliptic the same length of time, then it is evident that 
the orbit of the planet is circular, or that its longer asis coin- 
cides with its nodes If it is observed to he a shorter time 
north of t]ie pkne of the ecliptic than south o: it, then it is 
evident that its perigee h north o£ the ecliptic; but nothing 
more definite can be drawn from this circumstance. 
n»t»ii.:». (110.) Fnalli Bj the combination of the different 
methods, explained in articles ( 98 ), ( 100 ), ( 101 ), ( 105 j, 
(107). and (108), and extending tl bs t ns through 
a lo 12 course of years, and from ag age the t n s of rev- 
olution, the mean relative distances t tl [la ts from the 
approximated to, step by st j. 1 1 a t degree 



of exactness w 


as attained, and the f 11 


results; 




Sidereal Revolnlloa. 


.«™n o,™nce fro,.. Q 


Mercury, - 


- - 87.969258 


0.387098 


Venus, - 


- - 224.700787 


0.723332 


Karth, - 


- - 365.256383 


1.000000 


Mars, - 


- - 686.979646 


1.523692 


Jupiter, - 


- 4332.584821 


5.202776 


Saturn, - 


- 10759.^19817 


9.538786 


Uranus. - 


- 30686.820S30 


19.182390 
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( 111.) By inspecUng the preceding table, we find that the C iiif. yi n. 
greater the distance from the sun, the greater the time ol Tm.iori... 
revolution ; but the raiio for the time is greater than the raiio ^';"J,*"„,'"" 
corresponding to distance ; yet we cannot doubt that some coicpMed 
connection exists between these rtUm. 

For instancG. let us compare the Earlk with JupUer. The 
ratio between their times of revolution, is near 12. 

The ratio between their relative distances from the sun, as 
we perceive, is nearly 5.2. 

The square of 12 is 144; the cube of 5.2 is near 141. 
But 12 is a little greater than the real ratio between the 
times of revolution, and 5.2 is not quite large enough for the 
ratio of distance; and by taking the correct raiiot, they seem 
to bear the relation of square to c^. 

Without a very rigid or close examination, we perceive 
that five revolutions of Jupiter are nearly equal to two revolu- 
tions of Saturn; that is, | is nearly the ratio between theii 
limes of revolution. 

By inspecting the column of distances, we perceive that 
the ratio of the distaticea of these two planets, is nearly || ; 
and if we square the first ratio, and cube the second, we sball 
have nearly the same ratio. 

Now let us compare two other planets, say Venm and E«.i.ii *j 
ifara, more exactly. 
Theff ratio of revolution is 6S6.979 log. - 2.8; 



224.701 log- 



2.351601 



Log. of the ratio, 
Multiply hy 



Log. of the square of the ratio of time, 0.970694 
Their ratio of distaaoe is, 15.23692 log. - 1.182SS3 



0.323560 



Log. of the ratio, 

Multiply by f 

Log. of the cube of the ratio of distance, 0.970680 
Thus we perceive that the squares of the times of revolu- 
tion are to each other as the cubes of the mean disiances of 
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Cii«^ii. tins planets from the Bun,* and this is called I^pler't Ihtni 
KipJci'. lavi: and it was by such numerical comparisons that Keplei 
'"' discovered the Jaw.t 

We may now recapitulate the three laws of the solar aya- 
tem, called Kepler's laws, as they were discovered by that 
philosopher. 

Isl. Th^ oriila of the planets are eUipaes, of vihkh the sun 
occupies one of tlie fod. 

'2d. The radius vector in eadt case describet areas about the 
focus, whieli are propwHomd to the times. 

Bd. Th^ sgttares of tketimea of reiioluiion are to each otltt^ 
as the cubes of the mean distances from tlie sun. 

* For a concise mathematical view ot thia subject we give 
the following Let d and D represent mean distances from 
the sun, and t and T the times of revolution Then 
T J) 

-7^ n, 'T'^ "*' ^ -ini w* taken to represent tlie ratios 

Square the Ist equatitn and cube the 2d Ihen 
——=n and ——=m^ 



But by inspection we know 


r that 


J., 


-D' 


»^=n»»; therefore, — -= 


'W 


t It appeara that Kapler did no 


.t oompa 


but took the more ponderous method of cc 


ratios (ll't! numbers themselves) 1 


for, say 


the 8th of March, 1616, thul it fi 


m 


pare tile powers of the nunibe 


w h 


distances 1 and hy chaact lie co 




the cubes of the distances j b 




tlence, he made such errora in 




pothesia Bs false add useless ; 




relation in vain, he returned to 




of May, of tfie same year, he re 


wed 


■UGCMK. and establiahed thia law 


whMh 
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( 112. ) Wb have thus far been very patient in our iiiiea- ch.f. i 
tigations — groping along — finding the form of the planetary j,'^^^ 
orbits, and tlicir relative magnitudes; but, as yet, we know find the • 
nothing of tlio distance to the sun ; save the indefinite fact, p"'»""- 
that it must be very great, and its magnitude great; but 
how great we can never know, without the sun's paraUax. 
Hence, to obtain this element, bus always been an interesting 
problem to astronomers. 

The ancient astronomers had no instruments sufficiently i},K^a\ 
refined to determine this parallax by direct observation, in the of inci 
manner of finding that of the moon (Art. 60), and hence the ""•""'•^ 
ingenuity of men was called into exercise to find some artifice 
to obtain the desired result. 

After Kepler's laws were established, and the relative dis- 
tances of the planets made known, it was apparent that their 
real distance could be deduced, provided the distance between 
the earth and any planet could be made known. 

(113.) The relative distances of the earth and Mars, from 
the eun (as determined by Kepler's law) are as 1 to 1 5^37 ; Mu. 
and hence it follows that Mars, in its oppositions to the san, 
is but about one half as far from the earth as the sun is; and 
therefore its parallax (Art. CO) must be about double that 
of the sun, and sevcraJ partially successful attempts were 
made to obtain it by observation. 

On the 15th of August, 1719, Mars being very near its Mm.i 
opposition to the sun. and very near a star of the 5th mag- "'"""' 
nitude, its parallax became sensible; and Mr. Maraldi, an tiua in 
Italian astronomer, pronounced it to bo 27". The relative J"""" 
distance of Mars, at that time, was 1.37, as determined from 
its position and the eccentricity of its orbit. 

But horizontal parallax is the angle under which the earth 
appears ; and, at a greater distance, it will appear under • 
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CB.P. a. less angle. The distance of Mars from the earth, at thai 
tinii), was .37, and the distance of the sun waa 1 ; therefore. 
1 : .37 ;: 27" ; 9".99, or 10", nearly, for the sun's horizon- 
tal parallax. 
ouem- On the 6th of October, 1751, Mars was attentively oh- 
'Tin^^* served by Wargentin and Lacaille (it being near its oppoai- 
i^oamo tion to the sun), and they found its parallax to he 24" .6. 
from which they deduced the mean parallax of the sun, 10" .7. 
But at that (ame, if not at present, the parallax of Mavs 
could not be diservfd direcUy, with sufEcient accuracy to 
satisfy astronoiners ; for no observer could rely on an angu- 
lar measure within 2" ; for full that space was eclipsed by 
the micrometer wire. 
Di. H.I- (114.) Not being satisfied with these results. Dr. Halley, 
i*j'i lore.!- ^^ English astronomer, Tory happily conceived the idea of 
finding the sun's parallax by the comparisons of observa- 
tions made from different parts of the earth, on a transit of 
Venus over the sun's disc. If the plane of the orbit of Venus 
coincided with the orbit of the earth, then Venus would come 
between the earth and sun, at every inferior conjunction, at 
intervals of 584,04 days. But the orbit of Venus is inclined 
to the orbit of the earth by an angle of 3° 23' 28" ; and. in 
the year 1800, the planet crossed the ecliptic from south to 
north, in longitude 74" 54' 12", and from north to south, In 
longitude 254° 54' 12": the first mentioned point is called 
Tiw BoiiB. the lacetiding node ; the last, the descending node. The nodes 
.f Tmu. retrograde 31' 10" in a century. 

wh>ttiiii« (115.) The mean eynodical revolution of 584 days oorre- 

!■ Uw J.U gponds with no aliquot part of a year ; and therefore, in the 

i«k»liU«."^ course of time, these conjunctions wil! happen at different 

points along the ecliptic. "The sun is in that part of the ecliptio 

near the nx>des of Vonus, June 5th and December 6th or 7th ; 

and the two last transits happened in 1761 and in 1769; and 

from these periods we date our knowledge of the solar parallax. 

Ktvoiu- ( 116.) The periodical revolution of the earth is 365.256383 

"•■>• «™- days, and that of Venus is 224 700787 ; and as numbers they 

art nearly in proportion of 13 to 8. 

From this it follows, that eight revolutions of the earth 
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requirn nearlj the same time as 13 revolutions of Venus; i 
and, of course, whenever a conjunction takes place, eight 
years afterward another conjunction will take place very near 
the same point in the ecliptic* 



* The ratio of the times of these revolutions is directly ' 

^ 224.700787 , ., . "f' 

compared, as t«rms of a fraction, thus, 3g5"25^yi' "'"'^ ^ '^ j^ 

manifest that 365,256383 days, multiplied by the number 
224700787. will give the same product aa 224 700787 days 
multiplied by the number 365256383 ; that is, after an elapse 
of 224700787 years, tlic conjunction will take place at the 
same point in the heavens; and all intermediate conjunctionB 
will he hut approximations to the same point : and to obtain 
these approximate intervals, we reduce the above fraction to 
its approximating fractions, by the principle of continued 

fractions. ( sen Robiiuon'i ArilhlD«Mc. } 

The approximating fractions are 

1 1 2 3 8 235 
r 2' 3' 5' 13' 382' 

To say nothing of the first two terms, these fractions show 
that two revolutions of the eartli are near, in length of time, 
to three revolutions of Venus ; three revolutions of the earth 
a nearer value to Sve revolutions of Venus ; and eight revo- 
lutions of the earth a still nearer value to 13 revolutions of 
Venue; and 235 revolutions of the earth a very near value 
to 882 revolutions of Venus. 

The period of eight years, under favorable eiroum stances, 
will bring a second transit at the same uode : but if not in 
dght years, it will be 235 years, or 2354-8=243 years. 

For a transit at the other node, we must take a period of 
235 — 8 years, divided by 2, or 113 years ; and sometimes 
the period will he eight years less than this, or 105 years 
The first transit known to have been observed was in 1639, 
D mb 4th t tl add 35 a and we have the tima 
f th nxttastatth san d 18 4. December 8th; 
and tty aft that will b th 1882, December 

6th Th fi 1 1 ana t bs d t th conding node, wai 
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.IX. If the proper h d b 




tl> 13 to 8, then the 


diof eonjunctiuna woild 1 j 


t I 


pi actly at the aame 


ciioni pQiQt ; but, as it th p 


t f 


J tion in the heavens 


t th( are east and west f gi 


P 


t d pprosimate nearer 


and nearer to tb t p t 


th 


p ds are greater and 


greater. 






T '"" To be more p t 1. h 




th t rvals between eon- 


uZ J""<'*'0"S are auoh b 


d wt! 


ItffM moiion of tlie nodti. 


of B that thegcoeentr 1 tt d 


f ^ 


t ferior conjunctiona 




g 


b t 19' 30" to the north, 


in the period of b t git 


y 




it changes about h 


q f 


tj t th southward, in the 


same period ; and h di 


f 


h hut little over 32', 


it i3 impossible th t tl d t 


t h Id happen 10 years 


after the first; 1 Ij 


tw 


t an happen, at the 


same node, scpar t d by th 


h rt t 1 of eight years. 


itbe- (117.) If at a yt tw ip ^ us to pass directly 


^ over the center f th 




t ni the center of the 


earth — thatia, p j 


t 


1 d t the same time — 


at the end of a th p 


a f 


b t ight years, Venus 


wouM be 19' 30' th 


th 


f th n's center; but aa 


the semidiameter f tl 


b 


b t 13', no transit could 



happen in such a case ; and there would be but one transit 

at that node until after the expiration of a long period of 235 

or 243 years. 

After passing the period of eight years, we take a lapse of 

105 or 113 years, or thereabouts, to look for a transit at the 

other node. 
"'" ( 118. ) Knowing the relative distances of Venus, and the 

earth, from the sun — the positions and eccentricities of both 
iiiej orbits — also their angular motions and periodical revclutioos — 
''the ''^*"'y circumstance attending a transit, aa seen from the 
irai. eartl'a center, can be calculated; and Dr, Halley, in 1677. 

read a paper before the London Astronomical Society, in 

""• in 1761, Jane 5th ; eight years after. 1769. June 3d, there 
was another; and the next that will occur, at that node, wiU 
he in 2004. June 7th, 235 years after 1T69. 
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»hieh he esjilained the maaner of deducing the parallax of Cua. IX, 
the suu, from observations taken on a transit of Venus or 
MerouTj across the sun's disc, compared with oomputationa 
made for the earth's ceiter, or by comparing observations 
made on the earth at great distances from each other. 

The transits of Venua are much better, for this purpose, why uh 
than those of Mercury ; as Venus is larger, and nearer the "'■'"''" "' 
Barth, and its parallax at such times much greater than that baite, adapi- 
of Mercury; and so important did it appear, to the learned "^ "• «■" 
world, to have correct observations on the last transit of „,»,'," "'^ 
Venus, in 17(i9, at remote stations, that the British, French, iho«orM«- 
and Russian governments were induced to send out ezpedi- °'"'' 
tions to various parts of the globe, to observe it. "The fa- 
mous expedition of Captain Cook, to Otaheite, was one of 

( 119. ) The mean result of all the observations made on tii« luni 
that memorable occasion, gave the sun's parallax, on the day 
of the transit (3d of June), 8",5776. The horizontal paral- 
lax, at mean distance, may be taken at 8". 6; which places 
the sun, at its mean distance, no leas than 23984 times the 
length of the earth's semidiameter, or about 95 millions of 
miles. 

This problem of the sun's horizontal parallax, as deduced Tbe impoi. 
from observations on a transit of Venus, we regard as the '"^" •''''"' 
most important, for a student to understand, of any in astro- '"* ""' 
nomj; for without it, the dimensions of the solar system, and 
the magnitudes of the heavenly bodies, must be taken wholly 
on trust ; and wo have often protested against mere facts 
being taken for knowledge. 

( 120.) We shall now attempt to explain this whole matter A ten(» 
on general principles, avoiding all the little minutife which •■p''"»''" 
render the subject intricate and tedioua; for our only object 
is to give a clear idea of the nature and philosophy of the 

Let S (Fig. 2(1) represent the sun, and mn and P Q small 
portions of the orbits of "S'enua and the earth. 

As these two bodies move the same way, and nearly in the 
iarae plane, we may suppose the earth stationary, and Venus 
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Vev 



n.ovo wit'ti ac angular vulueitj 

Tial to the difference of the two 

When the planet arrives at v, an 

observer at A would see tlie planet 

projected on the sur, making a deat 

II ub;-erver at O would not 
game thing until after the 
planet had passed over the small aie 
}, witli a veloeitj ecjual to the dif- 
eronce hetween the angular motion 
of the two bodies; and as this will 
quire quite an interval of absolute 
time, it can be detected; and it mea- 
sures the angle A v' Q; aa angle 
ider which a defiiiite portion of the 
earth appears as seen from the sun. 

(121.) Te have a more definite 
idea of the practicability of this me- 
thod, let us suppose the parallactic 
angle, A v' G, equal to 10", and in- 
quire how long Venus would be in 
pas.^iiig the relative arc v q. 

lean rate, passes - 1° 36' 8" in a day. 

59' 8" " 
r escess motion of Venus for a mean solar 



The earth, 

The relative, o 
day is then iiT'. 

Now, as 37' is to 24h. so is 10" to a fourth term; or, 99 
2220" : 1440m. ;; 10" : tim. 29 s. 

Now if observation gave more than G minutes and 29 seo- 
onda, we shall conclude that the parallactic angle was more 
than 10"; if less, leas. But this is an abstract proposition. 
(Vhen treating of an actual ease in place of the mean motion, 
we must take the actual angular motions of the earth and 
Tenus at tiat time, and we must know the actual position of 
the observers A and G in respect to each other, and the po- 
sition of each in relation to a line joining th*- center of th« 
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eftrtb and the center of the sun ; and then by comparing the Ch*p 
local time of observation made at A, with the time at 6, aad 
referring both to one and the same mcridian.we shall have tlie 
interval of time occnpied by the planet in passing from v to 
o t m wh i w d d the parallactic angle A v' G, and 
t m th th h t 1 parallax. 

fh m b t can be made when the planet passes A c« 
ff tb a d g t many stations can be compared with ^^,, 

A w 11 th t t Q. In this way, the mean result of 
t m y t t was found in 1701, and in 1769, and 
th t aU a t at Uy diff f m th truth 

( 12 ) Th the m th d t d g th wh 1 

bj -t wh h m p t m pi d p f hi 

th just pi 1 It 13 t th I t y 

t t t k p th t k of th t t 11 th w y th 

d dtk yp ttm thih 

f h d p th d wh h b d hj t Ily t g 

th t m t t 1 a d t 1 t d th b g 

g d d t th t n t d t 1 rt t 1 fully 

^ th d t f th pi 1 1 th ar t dg f 

tl by m m t 

If th J 11 ibl t d t th t tw b 

t t d diff I h m ph wU ht th m 

h d F pi h th th h m ph 

■^wd NwywU 'S tra m 

Bouth h d th ob th th h m ph 

Nwfhl <n thlghfthhd h 

d by h m 11 1 Vnowmg the angular diameter of the 
Bu w mp t the distance of each chord from the 

g t d f rso we then have the angular breadth 

t h th '8 disc between them. But as this 

f m d by t ghl lines passing through the same 
p t th t t V us, its absdiOe breadlh will depend on 

its distance from the point v; that is, the two triangles ^£ff 
and a 5 !> C Fig. 27) will he proportional, and we have 

Av : av:: AB : ah. i 

But the first three of these terms are known; therefore the 
fourth, a h, is known also; and if any definite angular Bpaoe 
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" '"• "^ '■•'g-ST. on tie Bun becomes known, the whole sem- 

■ idiamoter becomes known, and from thenc« 
Hthe horizontal parallax is immediately dedu- 
Hced.* 

(123.) The acouraej of this method should ha 

■ questioned when Venus passes near the sun'f 

■ center, for the two chords are :iever more thK 

■ aO" asunder, and hence they will not perceptL- 

■ blj differ in length when passing near the sun's 

■ center, and Venus wil] be upon the sun oearlj 
the same length of time to all observers. 

{ 124.) The apparent diameter of Mercury 
ind Venus can be very accurately measured 
ivhen passing the sun's disc. In 1769 the di- 
|ainetcr of Venns was observed to be 59". 

( 125.) The same general principles apply 
.0 iho transits of Mercury and Venus ; but those 

■ of Mercury are not important, on account of tho 

■ smaller parallax and smaller size of that planet ■ 

■ hutow g to tl more rap d revol t n f Mer 

■ curj ts tra s ts ccur more frequ ntl Th 
I freque t a] pe^ a e of th 8 planet on the face 

■ of the 3 n gives t astronomers fi e opportu 

■ nitiesto determne t eposto of ts ode a d 
Bthe nclnatonot ts orb t 

•^Ce™ ^" l"'''^. M. Deknbre froit 1 se at s on the tra s t f 
midihcesru. ^^^y '^' placed the asoe d g oi as e n fr m tl e sun n 
.«.p.r.d. longitude 45° 67' 3 From th tra t ot tho tl f May 
1845, as observed at C nc na t must 1 a e been long, 
tude 46° SI' 10"; tl s give, ta ppogrc s e mot on of about 
1" 10' m a century. The inclination of the ot bit is 7° 13 
The periodical time of revolution is 87.96925 days; that of 
the earth is 365.25038 days, and by making a fraction of 
these numbers, and redueing as in the last test not*, we find 

• That is, as tho real diameter of the aun, >■ to the r^ diameter o( 
th« earth «> „ the ,«„'s angular eemidiac^eter t. it. horizontal par- 
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tbat 6, 7, 13, 33, 46, 79, and 520 jears, or revolutionB of the i 

b d mp By 

U w m k a 3 & 



A 


the ascendine nods. 


Atth 


B desceuding uoda. 


180lJ 


- - - N"ov. 8 


1799, 


- - - May 7. 


1822 


- - -Nov. 4 


1832, 


- - -5% 5. 


1835 


- - - Nov. 7 


1845, 


- - - May 8. 


1848 


- - -Nov. 9 


1878, 


- - - May 6. 


1861 


- - Not. 11 


1891, 


- - - May 9. 


1868 


- - -Nov. 4 






1881 


- - . Nov. 7 






1894 


- - - Not. 10 








CHAI 


TER X. 





THE nORIZONTAL PARALLAXES OF THE PLANETS COMPUTED, AND 
EHOM THENCE THErE REAL DIAMETERS AND MAGNITdDES. 

( 126 ) Having found the real distance to tlie sun, and the c^f. x. 
sun s horizontal parallax, we have now sufficient data to find Roai uif. 
the real distance, diameter, and magnitude, of every planet "i""!" ""i 
in the solar system. noVbe'dV 

In Art GO we have explained, or rather defined, the Jiori- '""•in"*! 
Bontal parallax of any body t h th 1 under which the 

Bemidiametcr of the earth pp from that body ; 

ttnd if the earth were as lar 1 bd !he st-mi -diame- 

ter of the body, and its h al p alia , would have the 

same value. And, in gene 1 h d m of the earth is to 
the diameter of any other pi y b d as the horizontal 

parallax of that body is to its apparent scmidiameter. 

The mean horizontal parallas of the sun, as determined in 
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p X. the last eliapter, is 8" .6; the semidiiraeter of ilie Bun, at th« 
~i 'd^B- corresponding mean distance, is IC 1", or 961". Now let d 
of iha reprtaoul the real diameter of tlie earth, and D that of the 
*'"' sun, then we shall have the following proportion : 
d : J) :-. 8".6 : 0(51 ?. 
But d is 791- miles; atid the ratio of the last two terms is 
111.74; therefore i>=tlll.74){7912)=S84087 miles, 
ai ji,- ( 1-7.) The sun's horizontal parallax is the angle at the 
•"■ base of a right angled triangle; and the side opposite to it is 
andiu' '^* radius of the earth (which, for the sake of coiiTenienee, 
nineii. we HOW call unity) . Let x represent the radius of the earth's 
orbit; then, by trigonometry, 

sin. 8".6 ; 1 : : sin. 90° : x; 

Therefore, r=^l^^^=log. 10.00000— log. 5.620073.+ 

Hat a the !o^ f «=4 3 JJ''7 or x= 3J84 wh h la 
tl c d stince b ween the cj. th a d au wl en the sem d a 
n etor of the earth s take t r tl e urul of as re 1 t f r 
ge eral reference and to a d tl n en ory e maj sa\ the 
diata oe s 24000 t raos the earth se n d an eter 

(128 ) >ow let us change tie utiil fr tie n d a mete 
of t JS earth to an J ngl sh m le an 1 then the d stance be 
t Tcen the ea th and sun is 
«B«» (3j1dG)( i984)=J4b'^0 06, 

and, in round numbers, we say 95 millions of miles. 

By Kepler's third law, we know the relative distances of 

• Students generally would be unable to find the sine of 8".6, or the 
■ineof any olher vory small arc i for Ihn direoliona given in common 
works of trigonometry are too gross, and, indeed, inaccurale, lo itieel 
Iha demands of astronomy. 

On the principle that the sines of email arrg vary as the arcs them 
aelvea, we can find the sine of any small arc as follows; 

Sine ot 1', taken from the tables, is - - - - 6. 463736 
Divide by 60, that is, subtract the log. of 60, - - 1.77815 1 

The slas'of 1", therefore, 13 4. GB5575 

Multiply by the number 8.6 ; that Is, add log. - 0. 334433 
T\f :»ne of 8".6, Iheretora, must lie, - - ■ -5. 6900T3 

In the same manner, find the sine a( any other small are 
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.H «,. phuels from lie ..n; mi no«, l.™g («»•! <■}'' ~' ??ili- 
ai,t..c. of the earth, we m«, h.™ tk. iiM.nce ... mte, by ^_^H..^j. 
nultipljmg the dto.anc. of itc ...U. b, th. ™i.o oom.pond- ,.... ., „, 
i„g to .„, other pUne. Thu, for the di..>..ee of Yenu,, j|..., ,». 
,e moldplj !)46«0706 b, 72333 and the re.uH .._.,__ 
68629960 miles, for the di.linoe of Venus snd prooeed, .n 
the flame maimer for the duttance f a.y other planet. 

(129.) B, obser..l. ™ taken on the tra,.s.t ot Venn, in ^J;*;*; 
1769 it wa. concluded that the homontal paraUai of that „„, 
Dhtne't was 30" 4- and .ts sem.diameter, at the same time, 
„a. 29".2. Hono. (Art. 120). 304 : 292 : : 7912 : to a 
fourth temi .hieh gives 7599 miles for the d.ameler of 

Venus. . -J pvsiiti 

(130.) We cannot ob«!r»o the hor.iontal parallax ot Ju- ^,j,^,.„, 
Piter Saturn, or anj other verj remote planet; if known at .„..,b..i. 
.11 ii becomes known by computation ; but the par.llai can ."■•«. 
be known, when th. raJ di.lanee is known ; and by Kepler s 
third ].., and th. solar p.r.U.i, we do know all the pknetary 
distances; and can, of course, compute any particular bon- 
zontal parallax. 

For the horizontal partial of Jupiter, when at a dislanee 
from the earth equal to its moan dislanee from the sun, we 
proceed as follows : 

The narallas, or the semidiameter of the earth, when seen 
at the distance of the sun, m 8».6. When ...n from a greater 
distance, the angle would be proforliot^S la: 

Put 4 equal to the horiiental parallai of Jupiter j^ then we 

haw, - .5.202776 : 1 : : 8".6 i *i or i_-jjjjjijj. 

From this, we poroeiTC, llM if we dwide tin miii horkonld ^ a.. ^ 
fanUa by llii «* o/ « ?(»«<'' A'""" /"" *' ""■ * ""''- 
motiai wiU IM, Ot hmmntd poraito o/ llu plfnel, olio, 
dktace fr<m tht mlk v' " ''• "«"» •''•"•"'/"^ "" -- 

(131.) To find the diameter of a planet, in relation to the 
diameter of the earth, we have a similar proportion as in Art ^1 
126. and to find th. diameter of Jupiter, we proceed a.,, 
follows : 

The greatest apparent diameter of Jupiter, as seen from 



.he plsn 
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C B.I-. X . the earth, is 44".5 ; the least is 30".I ; therefore the me»n, 
as seen frum the sun, cannot be far from 37". 3, and the semi- 
diameter 18".65; La Place sajs it is 18".35; and this value 
we shall use. Now, as in Art. 126, let rf=7912, D= the 

unknown diameter of Jupiter; Q/iiiTTfi '^ '"^ horiiontal 

parallax, and 18".35 its corresponding scmidiameter ; then, &s 

i.A„,106, - 7912. : I, :: ^^^ : ,8.-15, 

Tb„e,.,. c=l?lLxlHl><i?5HL« = -„2 X „,„ . 

87900 mUcs. 

In the same manner, we may find the diameter of any 

other planet. 

jiipi»i*H We have just seen that the diameter of Jupiter is 11.11 

iphiriesL ttmcs the diameter of the earth ; but this Is the equatorial 

diameter of the planet. Its polar diameter is less, in the 

proportion of 167 to 177, as determined by the moan of manv 

micrometrical measurements ; which proportion gives 82930 

miles, for the polar diameter of Jupiter. These extremea 

give the mean diameter of Jupiter, to the mean diameter of 

the earth, as 10.8 to 1. 

Hswwtvd (132.) But the magnitudes of similar bodies are to one 

lad* rf*°.,' ""'^t'lor as the cubes of their like dimensions; therefore the 

»ii»ii. magnitude of Jupiter is to that of the earth, as (10.8)' to 

1, and from thence we learn that Jupiter is 1260 times 

greater than the eartli. 

In the same manner we may find tlie magnitude of any 
other planet, and it \» thus that their magnitudes have often 
been determined, and tlie results may be seen in a concise 
form in Table 111, which gives a summary view of the solar 
system. 

The masses and attractions of the different planets will ba 
investigated in physical astronomy, after we become arqunin- 
ted with the theory of universal gravity. 
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CHAPTER XI. 

A OBNBBAL DE3CRIPTI0H or THB PLANETS 

( 133.) We conclude this section of astronomy liy a brief cb»». i 
description of the solar system, which we have purposely 
delayed lest we might interrupt the course of reasoning 
respecting the planetary motions. The reader is referred to 
Table III, for a concise and comparative view of all the facta 
that ean be numerically expressed a d as do from these facts 
little can he said hy way ot esplanat o r descr pti n 

The fact, that the sun or a planet rev Ives on an ana, Fku*. 
must be determined by observ ng the m t on ot spots on the j^^ ^ 
visible disc ; and if no spot** are v s hie 1 e tact of revoluf n pJan.u. 
cannot be ascertained.* But wl en spots are v s ble their 
(notion and apparent paths w 11 ot only point o t tl e t me 
of revolution, but the posit on of the ax s 

THE S U K. 

( 134.) Tlie sun is the central body in the system, of im- Tb. sm 
monse magnitude, comparatively stationary, the dispenser of '^p""''"' 
light and heat, and apparently the repository of that force 
which governs the motion of all other bodies in the ajsteni. 

"Spots on Ihe sun seem first to have been observed [othe year IBll, 
since which llmo Ihey have constantly attracted attention, and have 
bean the auhjeel of investigation among asttonomera. These spots 
change their appearance as the sun revoives on its axis, and become 
greater or less, to an obserror on the earth, as they are turned to, or 
from him ; they also change in respect to real magnitude and number, 
sue spot, Been by Dr. Herschel, was estimated to be more than alt 
limes the size of our earth, being 5D0DD miles In diameter. Some- 
times forty or fifty spots may be seen at (he same time, and sometimes 
only one. They are often eo larg<! as to be seen with the naked eye ; 
this was the case in ISIS. 

■■ !n two instances, these spots have been seen to burst into several 
parts, and the parts to fly in several directions, like a piece of lea 
thrown upon the ground. 

• Mercurv !■ an exception to this prlDclpla. 
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" In respect to the nature and design of these spots, almost ererj 
Ironomer has formed a different theory. Some have supposed tliem 
be solid opaque masses of scoriie, Hoatiug \a the liquid £re of the 
n, revolting round him, end hiding his light 



y h.™ 



which are dark colored, beoi 
heated. 

" Dr. Heraohel, from many obaerval 
concludes, that the shining matter of 
phosphoric clouds, and that the spots o 
turbances in the equillbrinm of this lurr 
ings are made through iL There an 
th y asi d dth t II th fl 

d h sa f > pi I 



sufficiontly 



with hia | 
surface at 



{I'i ) M ry J] j] t tl 



d f. I g It 

p in ty t th 
k d y tl t 

M t 

th p t 



w gt I 
PP 1 
If, t d 
d t t 



1 



f 



h t 



d f 



h 1 t m d 1 tl t t hwn — th m 

ffffd m d t 1 t 1 f m — 

4h 5m 

Th b t tm t M y th mnff is th 

pn g f th y wh th pi t t t gr t t 1 
t / f 1 I w 11 th b U t th k d 

ybtfif m dlltbth d 

fittj m t ft th >\!i th pi t ( f h 

un d t t great t d t t b tl m 

gmtd tg I Agut dSjtb Th 

ymb 1 f th t t 1 g t f M It 

the common almanacs, is 5 Gr. Elon, 
1 (136.) Verms. This planet is second in nrder from the sun. 
' and in relation to its position and motion, has been Hiifficiently 
described The period of its rotation on its axis is 23h. 21m. 
The position of the axis is always the same, and is not at 
right angles to the plane of its orbit, which gives it a change of 
■easons. The tangent position of the sun's light across thii 
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planet bLows a verj rough Eur- 
face; indeed, high mountains. 
By the radiating and glimmer- 
ing nature of the light of this 
planet, we infer that it must 
have a deep and dense atmos- 
phere. 
(137.) TheE ih- tl 




; but it Th* (iHii 



would be nly f m 1 tj t ^ j d ^ 


f t in this ' 


place. A pi t t 1 b hlyt 


d above its 


neighbor j, pi t i -^ b fur ib1 d with 


ttendant, 


the moon d fit th 1 t b d 


compared ' 


to the wh ! 1 y t m t th m t oi] 


t and in- 


teresting t tt h 1 t t t th Tl 


two bodies, 


the earth d tl (W f m th 


ry small : 


the form bt 1 g gl f b t 1 


diameter, 


the latte 1 t 4 d tl d t d 


r greater 


than betw d ht m t f d gr 


Contr T t th ^ 1 p th 


motion in 


absolute p 1 j t w d h 




(138) M — th fi t p ll t— 


f red color. 


and very bl t pp g t d 


About every 



* Tbi m vb h w th "th m d the earth's 

jrbit from th 1 t q t t th fi t q t n average 

'A days and 18 hours. During this time the earth moves in 
Its orbit 140 30'. Let ^^^- J 

L m ^ be a portion of the 
earth's orbit equal to 14° 30', ^ ' 
L the position of the earth at the First Quarter of the moon, 
and F its position at the Last Quarter. Draw the chord L F. 
and compute m n the versed sine of the arc 7° 1.5'. 

The mean radius of the earth's orbit is 397 times the ra- 
dius of the lunar orbit. A radius of 397 and an angle 7° 15' 
gives a versed sine of 3.17; but on this scale the distance 
from the earth to the moon is vnity, or less than one third of 
nm; hence, the moon'ti path must lie between the chord LF 
»nd the arc L n F — that is, always concave toward the twt. 
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other year, when it cornea to the meridian near midnight, it 

is then most conspicuous ; and tlie nest year it is scarcely 

noticed by the common observer. 

„ „ ,, "Tlie physical appearance of 

Teesconi! V ew of Mara ,, „. , , , ,, „, 

' Mars laaomewhat remarkable His 

polar regions, when seen Ihroagh 
a telescope, have a brilliancy eg 
much grecter than the rest of li!i 
disc, that there can l>e little douht 
that, 03 with llie earth ao with 

or snow talte place during the win- 
ters of those regions. In lib! 
the south polar spot was eitramelj 
ijright ; far a year it had not been 
exposed lo the solar rays. The 
color of the planet moat probably 
arises from a dense atmosphere which surrounds him, of the eiiatenceof 
which there is other proof depending on the appearance of stars as 
they approanh him ; they grow dim and are Bomelimea wholly extin- 
guished aa their rays pass through that medium." 

^ ( 139.) The next planet, as known to ancient astronomers. 
In is Jupiter; but its distance is so great beyond the orbit of 
' Mars, that the void epaoe between the two had often been 
considered as an imper/etCum, and it was a general impression 
among astronomers that a garnet ought to occupy that vacant 
space, 
*■ Professor Bode, of Berlin, on comparing the relative dis- 
tances of the planets from the sun, discovered the following re- 
markable fact — thatif we take the following series of numbers: 

0. 3, 6, 12, 24, 48, 96, 192, &c , 
and then add the number 4 to each, and we have, 
4, 7, 10, 16, 28, 52. 100, 196, Sec, 
•E and this last series of numbers very nearly, tkmiffk not «■ 
,j (Ktiy, corresponds to the relative distances of the planets from 
the sun, with the exception of the number 28. This is 
sometimes calleil Bode's law ; but remarkable as it certainly 
is, it should not be dignified by the term law, until some bet- 
ter account of it can be given than its mere existence ; foe, 
at present, all that can be said of it is, " here is an astonishing 
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coincidenco." But, mere accident: as it may be, it suggested gii>p. xl 
the poaaibility of some small, uDdisuovered planet revolving a bo. i hi- 
in this region, and we can easily imagine the astonishment of potbtiii 
astronomers, on finding ftmr in place of one, revolving in 
orbita tolerably well corresponding to this law, or rather co- 
incidence. Had tlicy even found but one, it would seem to 
indicate soniethiog more than picre coincidence; but finding 
four, proves t!io seriKs to be uraply accidental — tinleas the 
four or more planets there discovered were originally <me 
planet; and then came the inquiry, is not this the caso? Thus 
originated the idea that these new and neidi/ discovered small 
planets are but fragments of a larger one, which formerly cir- 
culated in that interval, and was blown to pieces hy some 
internal explosion — and uw n/udl examine tlds kypotliesis in a 
text note, under physical attronomy. 

The names of these planets, in the order of the times of their 
discovery, are, Ceres, Pallas, Juno, Vesta. The order of their 
distances from the sun, is Fesfn, Juru), Ceres, FaUas 



p..«.. 


-"TvUr.."'" 




D„. .,»,.....,. 


Ceres . . . 
Pallas. . . 
Juno... 
Vesta... 


M. Piazzi. 
Dr. Olbera, 
M. Herding, 
Dr. Olbera, 


Palermo, Sicily, 
iremen, Germany, 
.ilienlhal, near Bremen, 

Bremen, 


Ist Jan., leOl. 
aSlh Mar., 1802. 

1st Sept. 1804, 
a9th Mar., 1807. 



If a planet has really burst, it is but reasonable to suppose 
that it separated into many fragments ; and, agreeably to this 
view of the subject, astronomers have been constantly on the 
alert for new planets, in the same regions of space; and every 
discovery of the kind greatly increases the probability of the Ji 
theory. The following very recent diaooveries are said to have If 
been made, but the elements of the orbits are not regarded as si. 
sufficiently accurate to demand a place in the table. 

On the 8th of December, 1845, Mr. Hencke, of Dreisen, 
claims to havt discovered a planet which he calls Astrea; 
and the same observer also claims another, discovered in 
1847, called Hebe. His snece^ induced others to a like exa- " 
mination, and a Mr. Hind, of London, within the past year, ^ 
10 
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Chip. X) 1S48, olaliDS a seventh and 
flora. 



asteroid, uaued Iris and 

Thus we have eight miniature worlds, supposed to have 
once composed a pla^net ; and if the four last named are veri- 
table discoveries, we shall sood have the elements of their 
orbits in an unquestionable shape. 

The elements of the orbits of the four known asteroids, hi 
given for the epoch 1820, are not as accurate as the follow- 
ing, which were deduced from the Nautical Almanac for 184ti 
and 1847 ; which have been corrected from more modern, 
extended, and accurate observations. (Epoch Jan., 1847.) 

On account of the small magnitude of these new planets, 
and their recent discovery, nothing is known of them save 
the following tabular facts, and these are only approximation 
to the truth. 



p,.«.. 


R!:t^l 


^'''\^:t::'""" 


%Thi™"' "^ 


Vesta 

Juno 

Ceres 

Pallas 


Days. 
1394. 3B9 
1534. 791 
168.3. 064 
1685. 162 


a. 36120 
2. 66514 
2. 76910 
9, 77125 


0. 0S913 
0. 25385 
0. (17844 
0. 941150 


Pl^nels. 


Longitude of 


'""^iir "' 


'l^fih'";t?' 


Vesta 

Juno 

Ceres 

Pallas 


1(13 20 47 
170 53 
80 47 56 
172 42 38 


7 8 29 
13 2 53 
10 37 17 
34 37 49 


251 4 34 
54 18 32 
147 95 41 
121 20 13 



^P ( 140.) With the two elements, the longitude of the ascend- 
ing nodes, and the inclination of the orbits to the ecliptic, we 
are enabled to give a general projection of these orbits around 
the celestial sphere, in relation to the ecliptic, as represented 
P fe ^ d 1"1 t to show that there are two 

P t tl t b PP ^'•'^ 'o 8ach other, near to 

wh h 11 th pi t p e of these points is about 

th I gt d fl d gr d the latitude of 15 degrees 

th d th th th pp isite point on the celestial 

ph If th pl ' b t fragments of one original 

pi t wh h b rst pi d 1 1 J its internal fires, from that 



,y Google 



SOLAR SYSTEM. 



t tbcj must 1 
started from the s 
point, andt/ie orbits of alt I 
have one c,uminon dislonce I 
from the tiai ; and 
ages after such a catas- 1 
trophe. tlieso fragment.'- 1 
must lia\e liad nearly u \ 
cotnnwa nwU ; and tht 
fact that they do not, m 
presenl, pass through a 
isonimon point, nor liaie 
a common node, due); 
proTe that they were 
originally in one body ; I 
for, owing to mutual dis- 
turbances, and the dis- 
turbances of other jjlit- 
iiets, the nodes must 
change positions; and the [ 
longer axis of tlie orbits, | 
especially tl:e very i 
centric ones, must chaii 
positions; and noiv (after I 
we know not how m 
a^os) t s not 
3 stc t T th tl c 

fi d the b as 



hese plan 
b ally n 
therefo e ha 



1 t all p 
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(Jan. 3.1. Vesti , by earofuUj observing these two portions uf the 
heaveng. 

The apparent diameters of these planets are too small to 
be accurately measured; and therefore we have only a very 
rough or conjectural knowledge of their real diameters. 

All of these planets are invisible to the naked eyu, eseopt 
Vesta, which sometimes can be seen as a star uf the 5th or 
6th magnitude. 

( 141.) Ju^er. We now come to the most magnificent 

planet in the system — the well-known Jupiter — which a 

nearly 1300 times the magnitude of the earth. 

Jipiiti't The disc of Jupiter is always observed tn be crossed, in an 

** " eastern and western direction, by dark bands, as represented 

in Fig. 30. 

Fig. 30. — Tfl»'«-cipiP View of Jupiter. 




"Theaa belts are, however, by no means alike at all limeB; lliej 
vary in breadth and in situation on the disc (though never in their 
general direction). They have even been seen broken up, and distrl- 

tremaly rare. Itranclies running out from them, and Bubdiviaiong, sa 
represented in the figure, bs well as evident dark apota, like strings of 
clouds, are by no means uncommon; and from these, attentively 
watched. It is concluded that this planet revolves in tlie surprisingly 
mHa- ahortperjodof 9h. 55m. 50s. (sid. time), on an axis porpendiuular to 
"""■ the direction of the bells. Now, it is very remarkable, and forms a 
most satisfactory comment on the reasoning by which the spheroidal 
figure of the earth haa been deduced from its dlnrna! rotation, that tha 
outline ot Jupiter's disc Is evidently not circular, but elliptic, boiiq 
conaideiably flattened in Ihe direction of ita axis of rotation. 
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" The parallelism of the bells to the equator of Jupiter, thei 
tional variations, and the appearances of spots Been upon them, 
it extremely probahle thai they subsist ip the atmosphere or the pUnet, ^r 
foiming tracts of comparatively clear sky, determined b; currents aaa- 
Jogous to our tradewinds, but of a much more steady and decided cha- 
racter, aa might indeed be expected from the immense velocity of its 
rotation. That it h the comparatively darker liody of the planet ivhicb 
appears in the belts, is evident from this,— that Ibey do not come up 
in all their strength to the edge of the disc, but fade away gradually be- 
fore tiiey reach It. 

(149.; " When Jupiter is viewed with a lelescope, even of moderats 
power, it is seen accompanied by four small stars, nearly in a straight '" 
line parallel to the ecliptic. These always accompany the planet, and 
are called its SatetttifS. They are continually changing their positions 
with respect to one another, and to the planet, being sometimes all to 
the right, end sometimes all to the left ; but more frequently some on 
each side. The greatest distances to which they recede from the planet, 
on each side, are different for the different satellites, and they are thus 
distinguished : that being called the First satellite, which recedes to the 
least distance ; that the Secajid, which recedes to the next greater dis- 
tance, and 80 on. The satelliles of Jupiter were discovered by Galileo, 

in leio. 

" Sometimes a satellite is observed lo pass between the sun and Ju- 
piter, and to cast a shadow which describes a chord across the disc. 
This produces an eclipse of the sun, lo Jupiter, analogous to those 
which the moon prmluces on (he earth. It follows thai Jupiter and 
its satellites are opake bodies, which shine by reflecting the sun's 
light. 

" Careful and repeated observations show that the motions of the satel- 
lites are from west to east, in orbits nearly circular, and making small 
angles with the plane of Jupiter's orbit Observitioni on Iha eclipses 
of the satellites make known their s\nodic revolutions from which 
their sidereal revolutions are easily deduced From measurements of 
the greatest apparent distances of the satellites from the planet, their 
real distances are determini'd 

" A comparison of the mean distances of the satellites, with their side- 
leal revolutions, proves that Kapler's third law with respect lo the 
planets, applies also to the -attlliles of Jupiter The squares of their 
lidereai revolutions are is the cube? of their mean distances from the 
planet. 

" The planets Saturn and Uranus are also attended by satelliles, and 
the same law has place with them." 

( 143.) By the eclipses of Jupiter's satellites, the progrcs- ^^^ 
Mve nature of light was discovered ; which we illuBtTRte in tifi 
the following manner: 



Atna 
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let) llie eartli i» a\ E, and moving iti n direc 
arly toward, the planet as repnjsentoil in the figure, tlie mean lit 
tween two cousecutive eclipsea is »horleried about 15 Beconds ; a 
! can eiplaiii (his on no other hyj olhesia tlian lliat the earth has a 
need and met the successive progression of IJght. Wlien the ear 
hi position aa respects the sun and Jupiter, as represented in o 
ureal E', ami movlnj; from Jupiter, then tlie interval between li 
iiaeeutive eclipses of Jupiter's first aatellile is prolonged or increaa 



■a 193010 m 
one-fourth 



e interval of one retolution of Jupiter's first satellite, 
ill its orbit about 23b0003 miles ; this, divided by 15, 
les for (he motion of light in one setond of time ; and 
I carry light from the sun to the earth in about eight 



le ( 144. ) As an eclipse of one of Jupiter's satellites inaj- be 
"' seen from all places where the planet is there visible, two 
J. observers i-iewing it will have a signal for the same moment, 
at their respective places ; and their difference in local time 
will give their difference in longitude. For example, if one 
observer saw one of these eclipses at 10 h. in the evening, and 
another at 8 h. 30 m., the difference of longitude between the 
jbservers would be 1 h. 30 ni. in time, or 22'=' SO' of are. 

The absolute time that the eclipse taltes place, is the same 
lo all observers; and he who has the latest local lime is the 
most eastward. 

These eclipses cannot b observed at sea, by roasoa of Uw 
motion of (lie vessel. 
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(145.) Solum. The next planet in order of remoteness 
from the sun, ia Saturn, the most wonderful object in the 
aolar system. Though less than Jupiter, it is about 79000 
mUes in diameter, and 1000 times greater than our earth. 

"This slupendouB globe, besides being attended by " '---"-— -"■-" 
•atBllites, '""'' 






throughout thoii 



each other ; both lying in 
r interval from each other 
they are from the planet by 



ii wider. The dimensions of lliis extraordinary appendage a 

7»~'"'-""""^ ::::;:: :;S; 

~™"---""--- ::;::;:: IS 

Interior ditto 

Eq...orlal diameter otihe body = 6J 

iQlerval between Ibe planet and interior nng, = 19090. 

Interval of the rings ■ 

Thickness of the rings not ejeeeding = '""■ 

Fig. 32. — Telescopic Vie' 




" The figure represents Satun. snrroniided by ,t» rings, and having lis 
body striped with darlt belts, somewhat similar, but broader and less 
itrongly marked than those of Jupiter,and owing,doubtless,to a simi- 
lar cause. That the ring ia a solid opake substance, is shown by lis 
throwing its shadow on ihe body of the planet, on the side nearest the 
sun and on the other aide receiving that of the body, as shown in the 
figu're. From the parallelism of the belts with the plane of the ring, 
it may be conjectured that the axis of rotation of the planet Is perpen- 
dicular to that plane ; and this conjecture is confirmed by Ihe occa- 
sional appearance of extensive dusky spots on its surface, which when 

Batched, like the spots on Mars or Jupiter, indicate a rotation in 10 h. 
29 m. 17 a. about an axis so situated. 
.' It will naturally be asked how so stupendous an arch, if composeO 

,f solid .ud ponderous materials, can be .n.lained without corupsiUB 
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CskT.Xl. and tnlllug !n upon the planet T The answer to this Is to be found iit 
■nie „j|,|, a swift rotation of the ring in ita own plana, whit h obtertation has 
lily of the detected, owing to some portions of the ring being a little less bright 
^Mf!. than olliera, and Bseigned its period at lOh. 29m. ITb., which, from 

what we know of ite dimensions, and of the force of gravity in the 
aaturnian Bystem, is very neariy the periodic time of a ealellitfl revolv- 
ing at the same distance as the middle of ils breadth It ia the centri- 
fiigai force, then, arising from this rotation, which suBtainB it ; and, 
although no observation nice enough to exhibit a diffeteneo of period* 
between the outer and inner rings hare hitherto been made, it is znon 
than probable that sueh a difTerence does aubaist aa ti place each inde- 
pendently of the other in a simitar state of equitibdiim. 
Tie lingt " Although the rings are, as we have said, very nearly concentric 
I!II!''* .'" "'"' ""^ ^°^^ "^ Saturn, yet recent mioromelriofll measuremenla, cf 
"■" extreme delicacy, havedemonstrated that the coincidence is not malhe- 
' matically exact, bat (hat the center of gravity of Ihe rings oscillates 
round that of the body, describing a very minute orbii, probably under 
laws of much compleiily. Trifling aa Ihia remark may appear, it is 
of the utmoat importance to the stability of the system of the rings. 
Supposing them mathematically perfect in (heir circular form, and 
exactly concentric with the planet, it ia demonstrable that they would 
form (in spile of their centrifugal force) asystem in a atate of unsla&ie 
esuiiiirium, which the sligbleBl external power would subvert — not by 
causing a rupture in the substance of the rings— but by precipitating 
them, unbroken, on Ihe surface of the planet. For the attraction of 
such a ring or ringg on a point or sphere eccenlrically situate within 
Ihem, is not the aame in all directioUB, bat tenda to draw the point or 
sphere toward the liearest part of the ring, or away from the center. 
Hence, supposing the body to become, from any cause, ever ao little 
eccentric to the ring, the tendency of their mutual gravity ia, not to 
correct, but to increase this eccentricity, and to bring the nearest parts 
of them together." 

tJi«iin..ii.. (146.) Vnmut. The next planet, beyond Saturn, waa 
HmchBi. diaeovered by Sir W, F. Heraohel, in 1781, and, for a. time, 
waa called Heraehel, in honor of its discoverer; hut, accord- 
ing to custom, the name of a Leathen deity has heen substi- 
tuted, and the planet is now eaJled Uranus — ft*e fatier tjf 
Saiurn. 
Thii planet "^^^^ planet is rarely to be seen, without a telescope. In a 
i«™ij vnihie clear night, and in the absence of the moon, when in a favor- 
" "'keii g|,2g position above the horizon, it may be seen as a star of 
about the 6th magnitude Ita real diameter is about 35000 
miles, and about 80 times the magnitude of the earth. 
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The exifitence of this planet was suggested by some Ch^ 
of the perturhatioBB of Saturn ; which could not he accouiitei) 
for by the action of the then known planets; hut it does not 
appear that any eomputationB were mcdc, as a guide to the 
place where the unkuown disturbing body ought to exist; and, 
as far as we Itnow, the discovery hy Herachel was mere 
accident. 

But not BO with the planet Neptune, discovered in the fbci 
latter part of September, 1846, by a French astronomer, Le- ^ "" 
terrier ; and also a Mr. Adams, of Cambridge, England, who has ,„„, 
put in his claim as the discoverer. Tlie truth is, that the 
attention of the astronomerj of Europe had been called to 
some extraordinary perturbations of Uranus ; which could not 
he accounted for without supposing an attracting body to he 
situated in space, beyond the orbit of Uranus ; and so distinct 
and clear were these irregularities, that both geometers, Le- 
verrier and Adams, fixed on the same rc^on of the heavens, 
for the then position of their hypothetical planet ; and hy dili- 
gent search, the planet was actually discovered about the 
Fame time, in both France and England. 

At present, we can know very little of this planet; and 
according to the best authority I can gather, its longi- 
tude, January 1, 1847, was 327° 24'. Mean distance from 
the sun, 30.2 (the earth's distance being unity); period of 
revolution 166 years. Eccentricity of orbit 0.0084; mass, 

1 
23000 ' 

According to Bode's law, the distance of the next planet 
from the sun, beyond Uranus, must he 38.6 ; and if Neptune 
really is at 30.2, it shows Bote's law to he only a remarkable 
coincidence ; for there can he no exceptions to positive physi- 
cal laws. 

"We slialicloae this chapter with an illuBlrallon calculated lo contey f 
to the minds of our readers a general impressioD of the relatiye magni- obuj 
tudefl and distances of the parts of our syalem. Choose any well- reel 
leveled field or bnwling green. On it place a globe, (WO feet in diama- lion 
tar; this will represent the sun ; Mercury will be represented by agrain win 
of mustard sepd, on ihe circumference of a circle 164 feet in diameter, 
tor ilB orbit; Venus b pea, on a circle 284 feet in diameter ; the enrlh 
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vso a pea, on a circle of 430 feet ; Mars a rather large pin'a huid, on ! 
circle of 654 feet; Juno, Ceres, Vesta, and Pallas, grains of sand, in 
orbits of from 10110 to 1200 feet ; Jnpiter a jnoderate-sized orange, in a 
circle nearly half a mile across; Saturn a small orange, on a circle of 
four-fiflhe of a mile ; and Uranus a full-sized cherry, or small plum, 
upon the circumference of a circle more than a mile and a half in dia- 
meter. As to getting correct notions on this subjectby drawing circles 
on paper, or, sllll worse, from those very childish toys called orreries, 
il is out of the question. To imitate the motions of the plauels in the 
,f above-mentioned orbits. Mercury must describe its own diameter in 41 
7 seconds; Venus, in 4 m. 14s. ; the earth, in 7 minutes ; MarB,in4m. 
48 s. ; Jupller, inSh 56 m.; Saturn, in 3 h. 13 m. ; and Uranus, in Sh. 
1 G m,' ' — Henchd'i AtiroTW/m^. 



C H A }' T i; R XII. 



IP. xn. (147.) Be'iides the planeta, and their satellites, there are 
Comet) great numbers of other bodies, which gradually come into 
eriy in. yiew, increasing in brightness and velocity, unlil they attain 
a masimum, and then as gradually diminish, pass off, and are 
lust in the distance 
aivieJga " These bodies art comiU. From tlieir singular and unusual appear- 
ihti ance. they were for a long time objects of terror to mankind, and werr 
'- regarded as harbingers of some great calamity. 

" The luminous train which accompanied them was particularly 
aliirming, and the m It'' t ' 1 gl It' b t I'Kl 

more than half a oe t y th p rsl t f w di Ip ted 

by a sound pbiloaopbj d mlsbg witl Jrstd 

eieite only the curi tyft m dfmkid g I 

These discoveries whhgifid Ihmmd I 

among the least usef 1 

" It was formerly d bt 1 wh (I Is h 1 g d 11 1 ss f 

hnavealy bodies, or were only meteors engendered furtuilously In the 
sir by the inflammation of certnlii vapors. Before Ihe invention of the 
telescope, there were no moans of observing the progressive increase 
and diminution of Iheir light. They were seen but for a si.ort time, 
and their appearance and disappearance took place suddenly. Theii 
light and vapory tails, through which the stars were visible, and their 
whiteness often intense, seemed to give Ihem a strong resemblance to 
those traaiient fires, which we call shooting stars. Apparently, they 
diffeiwi from these only In duration. They might be only composer^ 
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of a mora lompaol snbslaiice capable of relarding for a longer time Caa.I 
Iheir drBsoIution, But tliBse opiiiiona are no longer maiiitaiiied ; more 
Rccurate observaUons have led to a different theory. 

"All thecomsts liltherlo observed have a small parallai,* which places Pir.llai 
them far beyond the orbit of the moon ; they are not, therefore, formed oom.u. 
in our atmosphere. Moreover, their apparent motion among the stars 
Is subject to regular laws, which enable us to predict their whole course 
from B small number of observations. This regularity and constancy 
evidently indicate durable bodies; and it is natural to conelude that 
oonii'ls are as permanent as the planets, but subject lo a different kind 
of movement. 

"When we observa these bodies with a telescope, Ihey resemble a man Cornell 
of vapor, at the center of which Is commonly seen a nucleus more or ^^^^ 
less distinctly terminated. Some, however, have appeared lo consist ^f ,,,p^, 
of merely a light vapor, wilhoul a sensible nucleus, since the stars are 
visible through it. During their revolution, they experience progres- 
sive variations in their brightness, which appear to depend upon their 
distance from the sun, either because the sun inflames them by ils heat, 
or simply on account of a stronger illumination. When their bright- 
ness is greatest, we may conclude from this very circumstance that 
(hey are near their perihelion. Their light is at first very feeble, but 
becomes gradually more vivid, until it sometimes surpasses that of the 
Irightest planels ; after which It declines by the same degrees until it 
becomes imperceptible. We are hence led to the conclusion that 
romets, coming from the remote regions of the heavens, approach, in 
many instances, nioch nearer Ihe sun than the planets, and then recede 
to mofh greater distances. 

"SinCB comets are bodies which sepm to belong to oar planetary Oibiu 
system, it is natural to suppose that they move about the sun like """"■ 
planets, but In orbits eitremely elongated. These orbits must, there- 
fore, sliil be ellipses, having their foci at ihe center of the sun, but 
having Iheir major axes almost infinite, especially with respect to us, 
who observe only a small portion of the orbil, namely, that in which 
(he comet bf comes visible as it approaches the sun. Accordingly Iho 
orbits of comets must take the form of a parabola, for we thus designata 
the curve into which the ellipse passes, when indefinitely elongated. 
" It we introduce this modification into the laws of Kepler, which 
• The parallaxes of comets are known to be small, by two observe™, 

oc the same come at near the same time. At the times the observa- 
tions are made neither observer can know how great the parallax is. 
it is oiiiy afieraxiTd, when comparisons are made, that judgment, in 
this particnlar, can be formed ; and it is not common that any moro 
definite oonclusiou can be drawn, than thai ike parallax is >maU, and, 
af course, the boily distant. 



„Googlc 



166 ASTRONOMY. 

Chif. sn. TcktD to the elliptical motion, we obtain those of the parabolic ntotlou 

ofcometB. 

CsiMli da)- " ^^'^"^ 't followB thai the areas described by the same comet, in ill 
uib* ■qnil parabolic orbit, are proporlional to the times. The areaa described bj 
utii la «- diffBrenl comsls in the aaine lime, are proporlionnl to the square rootfl 
'"»' ''""■• of their perihelion distances. 

" Lastly, it we suppose a planet moving in a circular orbit, whosi 
rudius is equal to the perihelion distance of a comet, the areas described 
by these two bodies in the same time, will be la each other as I to 
Jf2. Thus are the motions of comets and planets connected. 

" By means of these laws we can determine the srea described bv 
a comet iti a given time after passing the po..helion, and fii its posi- 
tion in the parabola, it only remains (hen to bring Ihis theory to th% 
test of observation. Now we have a rigorous method of verifying it, 
by causing^ a parabola to pan throngh several observed places of a 
comet, and then ascertaining whether all the others ate contained in it 
n.ree obser- " For !his purpose three observations are requisite If we oliserve 
t.tioDi nfll- the right ascension and decliuBtion of a comet at Ihr B different 
timi le finil [imes, and thence deduce its geocentric longitude and latitude, w( 
*"*""■' shall have thedirection of three visual rava drawn at these times from 
"""* ' the earth lo the comet, and in the prolongation of whluh it must 

necessarily be found. The corresponding pidces of the sun are also 
known ; it remains then to constrnct a parabola, having its focus at 
the center of (he sun, and cutting Ihe visual ravs in points the inter 
vale of which correspond to the number of days bfiween the obsor 

Or if we suppose the earlh in mo 

■ and the «un at rest let T,! ,T 

■present three suciessive posilioiii of 

rth, and TC T C, TO, three 

rays drawn Id the comet The 

on IS to find a pinbola C C 

focu? Ill S at the center of 

inn a d cutting the three M?uul 

CO forn ably lo tl e eon-i jjiis re 

lo Pier mine completely 
nni! the elements of the parabolic motion thtt i« Che perlhehon distance 
Db. of the comet, the position of the per I el on the instant of passing thi- 
'- point, the inclination of the o bit to the eci p c and the position ol 
its nodes. These (iv I m ( be ng know i we can assign the posi- 
tion of the cornel f ny t m wh ever and compare it with the 

difficult, and can he p f rm d ly by a very delicate analysis, whirl) 
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" About 120 cometa hsve been calculated upon the theory of llie Cmp. J 
parabolic motion, and the observed plEioes are found to answer to such 
B aapposition. We can have no doubt, therefore, tliat this is conform- j^^nj^,, 
able to the law of ualure. We have thua oblained precise knowledge „f ihji, 
of the motions of tliese bodies, and are enabled to follow them in apace, bits. 
This diecoTery has given additioaal confirmation to the laws of Kepler, 
and led to several other important results. 

" Cometa do not all move from west to east like the planets. Some 

heavens, lilie those of the principal planets. They vary through all 
degrees of inclination. There are some whose plane is nearly coiuci- 
dent with that of the eoliptic.and others have their planes perpendicular 

■' It is farther to be observed that the tails of cornels begin to appear, 
B9 the bodies approach near the sun ; their length iiicreasea with thia 
proiimity, and they do not acquire their greatest extent, until aftii 
passing the perihelion. The direction is general ly opposite to the sun, 
forming a curve slightly concave, the sun on the concave side. 

" The portion of the comet nearest to the sun iiiiist move more rapidly 
than its remoter parla, and this will account for the lengthening of the 
tail. 

"The tail is, however, by no tneans an invariable appendage of Sgmi. 
comets. Many of the brightest have been observed to have short and "ts hav 
feeble tails, and not a few have been anllrely without them. Those ""!'■ 
of 1585 and 1763 oiFer^d no vestige of a tail ; and Cassini describes the 
cornet of 1G32 as being as round and as bright us Jupiter. On the other 
hand, instances are not wanting of comets furnished with many tails, 
or streams of diverging light. That of 1744 had no less than six, 
spread out like an immense fan, extending to a distance of nearly 30 
degrees in length. 

"Thesmaller comets, such aa are visible only in telescopes, or with 
difficulty by the naked eye, and which are by far the most iiumeroua, 
oiTer very frequently no appearance of a tail, and appear only as round 
or somewhat oval vaporous masses, more dense toward the center ; 
where, however, they appear lo have no distinct nucleus, or anything 
which seems entitled to be considered as a solid body. 

■' The tail of the comet of 145G was 60 degrees long. That of 1618, otb.™ 
100 degrees, so that its tail had not all risen when its head reached the lenial 
middle of the heavens. The comel of 1680 was so great, that though 
iU \iead set soon after the sun, its tail, 70 degrees long, continued visi- 
ble all night. Thecomet of 1639bBdatail 66 degrees long. Thai of 
I7G9 had a toil mere than 90 degrees in length. That of 1811 had a 
tail 93 degrecH long. The recent comet of 1843 had a tail 60 degrees 
In length." 

The following figure gives a telescopic view of the comet of 1811. 
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[. "When w« have determined the elemsiita of a oomet'fl otbil, we com- 

^^ ptre them with those of comets before observed and =ee nhether there 

jj IS an Bgreement with respect ly any uf them If there is a perfect 

„. identity as to the dome iits, we should have no hesitation in concluding 

that they belonged to dilTereut appearances of the same comet. Bui 

this condition is not rigoroualy necessari for Ihf elements of tlie 

orbit may, like those of other heavenly bodies, have nndergone changes 

from the perturhations of the planets or their mutual ilttactions. Con- 

sequently, we have only to see whether the actual elements are nearly 

OiBsamewithlhoseof any comet before observed, and then.by ttedoc- 

Irine of chances, we can Judge what reliance is to be placed upon thli 




'■ "Dr. Halle y remarked thai the comets observed in 1531, 1607, 1 
had neoriy the same elements ; and he henuo conclndcd that they be- 
longed to the same comet, which, in 15! years, made two revolutions, 
its period being about 76 years. It actually appeared in 1 759, agreea- 
bly to the prediction of this great astronomer ; and again in 1832, bjf 
the computation of several eminent astronomers. According to Kep- 
ler's third kw, if we take for unity half the major axis of trie earth's 

n orbit, the mean distance of this comet must be equal to the cube root 
of the square of Tfi, that is, to 17.95. The major axis of its orbit muBl, 
Iheroforo, be 35.9 ; and as its observed perihelion distance is found tj 
he 0.5(^, it follows that iu> aphelion d-elanee is e.uat to 35.S3. Il 
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dejiarts, ihorcfore, from the sun to thirty-five times the distance ot ths Ch«f Xll 
earth, and Dfletward approaches nearly twice as near the sun as the 
earth is, thus describing an ellipse eslremely elongated. 

"The intervals of iu return lo its perihelion are not constantly the 
same. That between 1531 and lCi)7 was lliree months longer thnn 
Ikat between 1607 and 1663 { and this last was 18 months shorter than 
throne between 1683 and 1759. It appears, thererore, that the molious 
el oomets are subject to perturbations, like those of the planets, and lo 
» vaoh more sensible degree. 

Elements of the Orbits of the three Comets, which liave appeared ac- 
cording to prediction, taken from the work of Professor Littrow. 
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" The comets of Encke and Biela move according lo iho order of thii 
■igns of the zodiac, or have their motions direct; the motion of that 
of Halley is retTogradt. 

"Cornels, in passing among and near the planan, are materially 
drawn aside from their courses, and in some cases have their orbila en- ■' 
tirely changed. This is remarkably the case with Jupiter, which Beems, " 
by some strange fatality, to be constantly in their way, and to 5er\e as ^^^ 
a perpetual stumbling-block lo them. In the case of liie remarkable ,„ 
comet of 1770, which was found by Lexell to revolve in a moderate 
ellipse in the period of about five years, and whose return was pre- 
dicted by him accordingly, the prediction was disappointed by the comet 
actually getting entangled among the saleliites of Jupiter, and being 
completely thrown out of its orbit by the afli^ction of Ihat planet, and 
forced inta a much larger ellipse. By this eitraordinary renconter, 
the moliona of the sali-UiU) svffcrcd notthe least perceptible derangement— 
a sufficient proof of the amallnesa of Ihe comet's mass," 

The comet of 1456, represented as having a tail of 60° in length, is 
now found to be Ilalley's comet, which has made several returns — 
in 1531, 1607. 1689, 1759, and recently, in 1835. In 1607 the tail was 
•aid to have been over 30" in length ; but in 1H35 the tail did not ex- 
ceed 12° Does it lose substance, or does the matter composing the 
tail condense T or, have we received only exaggerated and distorted 
accounts from Ihe earlier times, euch as fear, superstition, and iiwe, 
always put forth ? We ask theeo (iiieslions, but camiol answer ihein 
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en- "Professor Kendall, iu his lira nograpliy, speakiug of the fears occa- 
J. >>/ aioaed by comets, says : "Aiiotlicr source of apprehension, with regard 
" to comeU, arises from the possibility of their sirikiiig our earth. It it 
1^**^ quite probable that even In the historical period the earth has been 
i„„ enveloped in the tail of a comet. It Is not likely that the effect would 
wiih be sensible at the time. The actual shock of the head of a comet against 
1. the earth is extremely improbable. It is not likely to happen once In 
a million of years. 

" If such a shock should occur, the consequences might perhaps be 
very trivial. It is quite possible thai many of the comets are not 
heavier than a single mouiilain on the surface of the earth. It is W"ll 
known that the siie of mountains on the earth is illustrated by com- 
paring them to particles of dual on a common globe." 



CHAPTER SIII. 

ON THE PECULIARITIES OF THE FIXED STARS. 

'■ For the facta aa contained in the subject matter of tlib 
oliapter, we must depend wholly on authority ; for that reason 
we give only a compilation, made in as brief a manner as the 
nature of the subject will admit. 

In the first part of this work it was sooq discovered that 
the fixed stars were more remote tlian the sun or planets ; 
and now, having determined their distances, we may make 
further inquiries as to the distances to the stars, which wiU 
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gipe Bome index by which to judge of their magnitudes, nature, C hm. xm . 
and pecidiarities. 

" It would be idle to inquire whether the fixed Btare have a senBlble Bii» from 
parallai, when observed from differenl parU of tha earth. We hava "*'='' " 
already had abundant evidence that their distance is almost infinite. It '""*''" 
is only by taking the loiigoat baae aocBBBible to UB, that wo Can hope lo 
arrive at any saliefaclory teeult. 

"Accordingly, we employ the major ails of the oarth'a orbit, which is 
nearly 200 miiliona of milea in extent. By observing a star from (he 
two extremities of this axis, at intervals of alx monllis, and applying a 
correction for all the small inequalltitifl, llio efTect of which we havo 
calculated, we shall know whether the longitude and latitude are the 

"It is obvious, Indeed, that thestar must appear more elevaled above Anonal 
tile plane of the ecliptic when the earth is in the part of Its orbit which ihuhIIk. 
is nearest to the star, and more depressed when the contrary taken 
place. The visual rays drawn from the earth lo the star, in these tiso 
positions, dilTer from the straight line drawn from the star to the center 
of the earth's orbit ; and the angle which either of them forms with 
this strught line. In called the annual parallax. 

" As the earth does not pass suddenly from one point of its orbit to The eRtit 
the opposite, but proceeds gradually, if we observe the positions of a "f "^ ■tniiW* 
,)tar at the intermediate epochs, we ought, if tlie annual parallax Es sen- '"" " 
Bible, lo see its effects developed in the same gradHal manner. For 
example, if the star is placed at the pole of tho ecli]ilic, the visual rays 
drawn irom it to the earth, will form aconlcal surface, having its apex 
at the star, and for Ita base, the earth's orbit This conical surface 
being produced beyond Ihe star, will form another opposite lo the first, 
and the intersectior. of this last with (he celestial sphere, will constituto 
a small ellipse, in which the slarwill always appear diametrically oppo- 
site to the earth, and in the prolongation of the visual rays drawn to 
the apex of the cones. 

" But notwithstanding all the pains that have been taken lo multiply Tba "urmil 
observations, and all the care (hat has been used to render Iheni per- piralloinraai 
fectly eiact, we have been able to discover nothing which indicates, °* ''^' "'" 
with certainly, even the existence of an annual parallax, to say nothing ""'= ='"' ■ 
of its magnitude. Yet the precision of modern observations is such, 
that if this parallax were only 1", it Is altogether probable that it would 
not have escaped tho multiplied efforts of observers, and especially those 
of Dr. Bradley, who made many observations 10 discover it, and who, 
in this nndertaking, fell unexpectouly upon the phenomena of abena- 
tlon* and natation. These admirable discoveries have themselves 
served to show, by the perfect agreement which is thus found to take 

■ Subject to be explained hereaflM. 
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p. XIll. place among obBStvationB, that it ia hardly to bo BUpposed tliat th< 

annual parallax can amount to 1". The numerous observaliona of th« 

pole star, recently employed in measuring ao aro of the meridiao 
through France, have been attended with a similar result, as to the 
amount of the annual parallas. From all this we may conclude, that 
aa yet there are strong reasons for believing that the annual parallax 
la less than 1", at least with respect lo the slars hitherto observed. 

" Thus the semidiameter of the earth's orbit, seen from the nearert 

»tar, vFOuld not appear to subtend an angle of i'-; and to an observer 

placed at Ihto distance, our Ban, wilh the whole planetary system, would 

occupy a spiea Bcatwly exceeding the thickness of a epider'a thread. 

noluiioD " If these reiultB do not make known the distance of the stars from 

1 diawn the earth, they at least leach ua the limit beyond which the stars must 

'''*'" necessarily be situated. It we conceive a right-angled triangle, having 

for its base half the major alls of the earth's orbll, and for its vertex 

an angle of 1 , the distance of this vertex from the earth, or the length 

of the visual ray, will be eipresaed by 312907, the radius of the earth's 

orbit being unity i and as this radius contains 23987 times the seraidia- 

raetsr of the earth, it follows that if the annual parallax of a star were 

only 1", lis distance from the earth would be equal to 5030209309 radii 

of the earth, or 200g6SB8D3G404 miles ; that Is, more than 30 billions. 

Bat if the annual parallai Is less than V, the stars are beyond the limit 

which we have assigned. 

Chmgei " It is evident that the stars undergo considerable changes, since theiB 

idivldoal changes are sensible even at the distance at which we are placed. There 

'■ are some which gradually lose their light, as the star / of Ursa Major. 

Others, aa ^ of Cetus, become more brilliant. Finally, there are some 

which have been observed to assume soddenly a new splendor, and thea 

gradually fade away, Such was the new star which appeared in 1579, 

i*w War. In tlie constellation CaBslopeio. It became ail at once so brilliant Ihat 

it surpassed the brightest stars, and even Venus aud Jupiter when 

nearest the earth. It could be seen at midday. Gradually this greot 

brilliancy began to diminish, and the star disappeared in sixteen months 

from the time it was first seen, wltliout having changed Ha place in the 

heavens. Its color, during this time.auffered great variations. At fii^t 

it was of a dazzling white, like Venus ; then of a reddish yellow, like 

Mars and Aldebaran ; and lastly, of a leaden white, like Saturn. An. 

Ancih.. °''^^' 'tar which appeared suddenly in 1G04, in the constellation Ser- 

■lat. penlarius, presented similar variations, and disappeared after stveral 

months. These phenomena aeem to indicate vast flames which burst 

forth suddenly in these great bodies. Who knows that our sun may 

not be subject to similar changes, by which great revolutions have 

perhaps taken place in the state of our globe, and are yet to take place. 

arialicil " Some stare, without entirely disappearing, exhibit yarialions not less 

<t»>- remarkable. Their liffht increases and decreaass alternately In regular 

periods. They are called for this reason variabU ilari. Such is th* 
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liar Algol, in Iha head of Medusa, which haa a period of about three Chap !£IU. 
days J / of Cpphella, whfoli has one of five days ! ^ of Lyra, elx ; f* of ~~ 

AntinouB, sereu ; o of Cetus, 334 ; and many otlierB. 

" Several atlempls hove been made lo explain these periodical varia- AiiBrnpu 
Hans. It Is supposed that the stars wliicli are Bobject to them, are, like le ti^ala 
ail the other stars, aelf-luminoua bodies, or true sutis, turning on their P»riodie»l 
ai«B, and having their surfaces partly covereil with dark spots, which ""'"£"'■ 
may be Euppoaed lo present themselves to ua at certain times only, in 
cooaequence of their rotation. Other astronomers have attempted to 
•ccount for the facts under consirieralton, by supposing these stara to 
have a form extremely oblate, by which a great ditTerence would take 
place in the light emitted by Ihem under different aspects. Lastly, it 
has been supposed that the efibct in question is owing lo large opako 
bodies, revolving about these Biar»,and oecasionaliy intercepting a part 
of Iheir light. Time and the multiplication of obserralionB may pat- 
bapa decide which of these hypotliesea is the true one. 

" One of the best methods of observing these phenomena is to compare Older la 
the stara together, designating them by letters or numbers, and dispos- th<E« obin- 
ing them iu the order of Iheir brilliBnoy. If we find, by observation, »»''"n"- 
thttt this order uhanges, it is a proof that one of the stars thus com- 
pared, has likewise changed ; and a few trials of this kind wilt enable us 
to ascertain which it is that has undergone a variation. In this man- 
ner, we cjin only compare each star with those which are in the neigh- 
borhood, and visible at the same time. But by afterward comparing 
these with others, we can, by a series of intermediate terms, connect 
together the most distant extremes. This method, which Is now prac- 
ticed, is far preferable to that of the ancient astronomers, who slassed 
the stars after a very vague comparison, according to what they called 
the order of tJifir magnitudes, but which was, in reality, nothing but 
that of tlieir brightness, estimated in a very imperfect manner. 

" By comparing the places of some of the fixed stars, as determined Boggiiitei 
from ancient and modern observationa. Dr. Halley discovered that they oFDi.HillaT. 
had a proper motion, which could not arias from parallax, precession, 
or aberration. This remarkable circumstance was afterward noticed 
by Cassini and Le Monnier, and was completely confirmed by Tobias 
Mayer, who compared the places of 80 Btars,as determined by Roemer, 
with his own observations, and found that the greater part of them 
had a proper motion. He sn^ested that the change of place might 
arise from a progressive motion of the sun toward one quarter of the 
heavens ; but as the result of his observation did not accord with his 
theory, he remarks that many centuries mirst elapse before the true 
cause of lliis motion could be explained. 

" The probability of a progressive motion of the sun was au^ested 
■poo theoretical principles by the late Dr. Wilson of Glasgow ; and 
Ldande deduced a similar opinion from the rotatory motion of the ina, 
by supposing, that the same mnchanicBl force which giv« it a motion 
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Ch»p. XUI. round its axis, would also displace its center, and give It a m^on ol 
translation jn abeoliite apace 

"If the sun has a motion in absolute space, directed toward anj 
luuh K ih«- qu^f'sr of the heaveuB, it is obviona that the stare in lliat quarter musi 
n,j appear to revede from each other, while those in the opposite region 

would scorn gradually to approach, in the same manner as when walk- 
ing through a forest, the tress toward which we advance are constantly 
separating, while the distance of those which we leave behind is gradu- 
ally contracting. The proper motion of tlie stars, therefore, in opposite 
regions, as ascertained by a comparison of ancient with modern obser- 
vations, ought to correspond with this hypothesis ; and Sir W, Her- 
schel found, that the greater part of them are nearly la the direction 
which would result from a motion of the sun toward the constellation 
Hercules, or rather lo a part of the heavens whose right ascension is 
250° 52' 30", and whose north polar distance Is 40° 22'. Klugel found 
the right ascension of tliis point lo be 260=, and Prevost made it 230°, 
with 650 of north polar distance. Sir W, Herschel supposes that the 
motion of the sun, and the solar system, is not slower than that of the 
earth In its orbit, and that it is performed round some distant center 
The attractive force capaiile of producing such an effect, he does nol 
suppose to be lodged in one large body, but in the center of gravity of 
a cluster of stars, or the common center of gravity of several clusters." 
The following figures, taken from Norton's Astrnnomy, represent 
the telescopic appearance of some of tlie double stare. 
Donbl* "There are stars which, when viewed by the naked eye, and eve u 
iTiil iBuliiple by the help of a telescope of moderate power, have the appearance of 
'""■ only a single star ; but, being Been through a good telescope, they are 

found to he double, and in some cases a very marked difference is per- 
ceptible, both as to their brilliancy and the color of their light. These 
Hir W. Herschel snppos.d to he bo near each other, as to obey recipro- 
cally the power of each other's attraction, revolving about their com 
moil center of ernvily, in certain determinate periods. 



Castor, J Leon is, Rigel, Pole Star, irMonoc, ^Cancri, 

IS " The two stars, for example, which form the double star Casloi 
i- have varied in their aiigulai situation more than 45° since they were 
observed by Dr. Bradley, in 1759, and apjiear lo perform a retrograde 
revolution jn 342 years, in a plane perpendicular to the direction of the 
suu. Sir W. Herscliel found tnem In intcrmediaft angular positions, 
at intermediate times, but never could perceive any change in their 
distance. The retrograde revolution oly in I^a, another double star, 
is supposed to be in a plane considerably inclined to the line in which 
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perform a direct revolution in 1631 years, in a plana obliqna to the su 
The starg ^ of Serpens, perfcrm a retrograde revolution in about 3' 
year.; and those of y in Virgo in 708 years, without any change . 
their distance. In 1809, llie large star ^ of Hercules, eclipsed tl 
smaller one, Ihougli the 
posed to bo iinitsd in I 
systems. 

"With respect to thee 
iiid their respective dist 
ReBoarches of this kind 



ruple, i 
.n of the I 






nitade of the sf 
but little progrei 



left to future a»lronomers. It appears, 
ot uniformly distributed through the 
heavens, but collected into groups, each conlaiiiing many millions of 
itara. W6 can form some idea of them from those small whitish spots 
lalled NebulK, vifhich appear in the heavens as represented in the ac- 
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;copei we distinguish ir 



sheet of light. 
That largf. 
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white, Inmi- 
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which traverses 
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the other, undtr ^^ 


the name of the Miik 


kind, which appears 


With the aid of the t^l 


prodigious namher o 


attempting to r 






immense client of 

draw, in order that this whole collection may appea 
other nebulffi which we perceive, some of whir.h cannot, by the assist- 
ance of the best telescopes, be made to present anytb'ng but a bright 
speck, or a simple mass of light, of the nature of which we are able to 
form some idea only by analogy T When wa ctieinpl, in imaginalion, 
to fathom this abvss, it is in vain to Ibii'k of preso^-ibing any limits to 



,y Google 



66 ASTRONOMY. 

UHiP. XIiI. the uriverae, and the mind reverlB involuctaiily to Ihs iailgnificBiil 
portion of il which we are deatined to occupy." 
Obsorva- Uefore we close this chapter, we think it important to call the atten- 

l^iom on IS- tjo„ ^f (j|g fg^g^ (^ ^[,1^ jj _ j^ „||jpjj „j(| j^^ g^j,^ ^^^ ^ g]anc« (in 
tha columns marlted annual variation), the general effect of Ihe preces- 
sion of the equinoiea ; and although we have called particular attention 
to tha fact elsewhere, we here notice tlial all the stars, from the fatb to 
Iha jeth hour of right aacension, have a progressive motion to 
the southward (— ), and all the stars from the 18th to the 6th ho-ir 
of right ascension havea prograsslve motion to the northward (4-), and 
the greatest variations are at h. and 12 h. But tliese motions are not, in 
reality, the moUons of the stars; they result frommotiona of the earlli. 
Whenever the annual motion of any star does not correspond with this 
common displacement of the equinoi, we say Ihe star has a proper 
motion ; and by such discrepancy it has been doeided, that those stars 
marked with an asterisk. In the catalogue, have proper motions ; and 
the star 61 Cygni, near th? close of the table, has the greatest proper 

The paiaJ. From this circumstance, and from the factof its being a double star, 

"Of SI it was selected by Bsssel as a fit subject for the investigation of stellar 

yr>^ liiicB. parallai ; and it is now contended, and iu a measure graaled, that the 

annual parallax of tills star Is 0".35, which makes its distance mort 

than 51)2.000 times the radius of the earth's orbit ; a diataoca that light 

could not travene in t«« than nine mnd OD«-roBrlh years. 
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SECTION III. 
PHYSICAL ASTRONOMY. 

CHAPTER I. 

OBNEB*L LAWS OT MOTION— THB THEOEV OF OEAVITY. 

Chaf. 1 

(14S.) Is a work like this, deigned for elementary in- ^^^^^ 
slruction, it cannot be expected that a full investigation of ba «i«ci 
physical aatron..my shall be entered into; for that subject »*'= «" 
ftlono would require Tolumes ; and to fully appreciate and 
comprehend it, requires the matured philosopher combined 
with the aL-cumpliahed mathematician. 

We shall give, however, a sufficient amount to impart a good 
general idea of the subject — if one or two points are taken 
on trust. 

For elementary principles we must turn a moment to natu- EieD»>» 
rai philosophy, and consider the laws of iwrlia, nwtwn, and p-i^'^f^* 
force. Motion is a change of place in rehition to other bodies 
which we conceive to be at rest ; and the extent of change in 
tlie time taken for unUy is called velod^, and the esseiUiol 
cause of motion we denominate /oree. 

A daiMe force will give a dotiMe velocUy to bodies moving *'«^t^r 
freely in void apace, or in an unresisting medium — a tn^tle ^""" 
fm-ce, a triple velodiy, &c. This is taken as an axiom — aud 
hence, when we consider mere material points in motion, the 
relative velocities measure the relative amounts of force. 

There are three elemetiU to motion, which the philosopher 
never loses sight of; or we may say that he never thinks of 
motion without the three dkttncl elements of time, velocUy, and 
glance, coming into his mind. 

Algebraically, we put (, v, and d, to represent the three e!e- 
monta, and then wc have this important and general equation, 
tv=d CI) 
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— From this we derive v=— (2) and (=- (H) 

( 149,) Ab forces are in proportion to Telocities (when mo- 
mentum is not in question ), therefore, if we put / and f to 
represent two forces corresponding to the distances d and D, 
which are described in the times ( and T, then by making ue« 
of equation {2), in place of the velocities, we have 

^ ( loO ) A body t t baa p w t p t t If m 

t d h VI g 1/ power t 1 f wiii 

y •" P t t ui dim ish th t t m J 

li b th d t m J b m i^ Th th 

1 w t rfM It t t t h h g t d t 

hgdtm b dpbj t It 

d th d w th ni 1 p d th I 

th m t tor 1 d mp! f j w m f, b t t 

nlj th m t f th h ly b d h t t f IJ 

mplfi d 

""h th, m d p] t m _ t 

1 1 I Th di t f th m t / ffU 

S thmg t If th m t th t !i th m 

■^ f th 1 w t i w Id t t ^t d 

ht 1 N w th t must t th th 

bt t 1 w th t t llj t t t th 

b dy d 1 h th ul t Th h d pi t 

go round the sun, and if we could suppose a torce residing in 
the sun to estond throughout the system sufficient to draw 
bodies to it, this would at once account not only for the 
planets deviating from a right line, but would account for a 
constant deviation of all bodies to that point, and the preser- 
vation of the system. 
bg moon'i The moon goes round the earth, constantly deviating from 
mi ""' '''^ t»ngent of its orbit, and the law of inertia is constantly 

■ We number the proportiona the same as eqaitiolu; for ■ propat 
tlou 19 but aa eqnatiou in another fonu. 
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urging it to rise from the center ; the two on an average balan- ci.». i. 
cing each other, retains the moon in an orbit about the 
^urth. 

Now what and where is this force? Is it around the 
earth, or within the earth V Is it electrical or magnetic 'I or 
hit that same fierce ( call it what we maj) that makes a 
body fall toward the earth's center when unsupported on a 
resting base ! 

A trifling incident, the faU of an apple from a tree, seems c^^,,«^9'^ 
to haTC led the mind of Newton to the contemplation of this «"^^»^ °f ^^| 
fm-ce which compels and causes bodies to fall, and be at once ^^ 
conceived this force to extend to the moon and to cause it tu 
deviate from the tangent of its orbit. 

The nest consideration was, whether if this, were the furee. 
it was the same at the distance of the muon, as on the sur- 
face of the earth ; or if it extended with a diminbhed amount, 
wiiat was the law of diminution V 

Newton now resorted to computation, and for a test he ^^^ f-^p.™ 
conceived the force in question to extend to the moon, undi- '^'^^ ., 
minished by the distance ; and corresponding thereto be de- grauty 
cided that the moon must then make a revolution in its orbit 
in lOh. 55m. But the actual time ia 27 d. 7h. 43m., 
which shows that if the force is the same which pervades a 
falling body on the surface of the earth, it must be greatly 
diminished. 

Now by making a reverse computation, taking the actual impon.^i 
time of revolution, and finding how far the moon did really ^J^j""'" 
fall from the tangent of its orbit in one second of time, it was 
found to be about ^^^t, part of 16 ^ feet -the distance a 
body falls the first second of time. 

But the distance to the moon is about 60 times the radks 
of the earth, and the inverse siiuare of this is j-jVi. ^'»i<'^ 
corresponds to the actual fall of the moon In one second. 

( 151.) It is a well-established fact in philosophy, and ^ * P'j^^^'ijlj 
geometrically demonstrated, that any force or influence exist- "i* ""'" 
ing at a point, must diminish as it spreads over a larger 
space, and in proportion to the increase of space. But space 
increases as the square of linear distance, as we sec by Fig. 28. 
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A double distance spreads the influence over four times th« 
space, whatever that influence may be; a, triple distance, nioe 
times the space, etc., the space increasing as the square of 
Fig 2 




stance. Therefore, any i;iflucn:;c spreading in all di 

reetiona from its central point must be enfeebled as the square 

of the distance. 

^Theiii™i prcm observations and considerations lilie these, Newton 

lisvity. establislicd the all-important and now universally admitted 

theory of gravity. 

This theory may be sammarily stated in the following 
words : 

Every body of matter in the universe aUrocts every other body, 
ift direct preporlion to its mass, and in the inverse proportion to 
the square of the distance. 
This UiBorj Some attempts have been made, from time to time, to call 
■ill eitab tie truth of this theory in question, and substitute in its 
place the influence of light, caloric, and electricity ; but any 
thing like a close application shows how feebly all such sub- 
stitutes stand the test 

The theory of gravity so exactly accounts for all the phy- 
sical phenomena of the solar system, that it is itnposailie it 
should be false; and aUhough we cannot determine its nature 
or its essence, it is as unreasonable to doubt its esistence, as 
to doubt the esisteni'e of animate beings, because we know 
nothing of the principle of life. 
AiiruKsD ("152.) According to the theory of gravity, every particle 
Sj, ta™*° composing a body has its influence, and a very irregular body 
may be divided in imagination into many smaller bodies, and 
the center of gravity of each taken as the point of attraction, 
and all the forces resolved into one will be the sttraction of 
th» whole body. 
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InaBphere composed of homogeneous particles, the aggre- Cmf. l 
gate attraction of all of them will be the same as if all were A,t.uii« o- 
compressed at the center; but this will be true of no other ..ph.™. 
body. The earth is not a perfect sphere, and two lines of 
attraction from distant points on its surface may not, jea, 
will not, cross each other at the earth's center of gravity. 
( See Fig. 10.) 

(153.) A particle anywhere insude of a spherical shell of Aiutmior 
equal thickness and density, is attracted every way alike, and '^^'^^^^ ' 
of course would show no indication of being attracted at all. ,^,,|_ 
Hence a body below the surface of the earth, as in a deep pit 
or well, will be leas attracted than on the surface, as it will 
be attracted only by the diminished sphere below it. At the ^^^^^^^.^^^ 
center of the earth a body would be attracted bj the earth ^^^^ ^^^^^ „ 
every way alike, and there would he no unbalanced force, » .ph.... 

and of course no perceptible or sensible attraction.* 

( 1.^4 ,) The attractive power on the surface of any perfect Expr.saioi 

and homogeneous sphere may bo expressed by tbe mass of the for th> a. 

sphere divided by the square <^ the radiui. ,,,, ,„,fjj^ „ 

Consider the earth a sphere (as it is very nearly), and .sph.,.. 

put £ to represent its mass, and r its mean radius, then 
— = g = 16y^ feet. 

This attractive force, algebriuoally expressed by -j wo call g, 

and it is sufficient to cause bodies to fall IByi, feet during 

the first second of time. If the earth had contained nr.ore 

matter, bodies would have fallen more than 16^, feet the 

first second ; if less, a less distance. 

With the same matter, hut more compact, so that r= would ^i,, d.finii 

be less with E the same, -^ would be greater, and the attrac- ,h, ,„,h. 
live power at the surface greater, and bodies would then fall 
more than IGyL feet the first second of their fall. 

Sow we say this Ifiy'^ feet is the measure of the earth's 
attraction at its surface, and it is made the unit and standard 
mounre, directly or indirectly, for all astronomical forat. 

t Bee RoUnsan's Natural Fhiloaopliy, pnge 1^ 



,y Google 



ASTRONOMY. 

'_i. For this reason, we call the uudivided Httei.tbii to thii 

force, the known — the noted — the all-impMiant 1%-^fett. 

't^ti *■ ^^^' ^ "^^ ^^^ theory of gravitj, we can readily obtain an 

!« « analytical espressinn for the attraction of a sphere at any dis- 

iMce. tanoc from tin. center, after knowing the attraction at the 

Burface. r„r Lzample I-'ind the value of the attraction of 

the earth it the distance of D from its center ; r Deing the 

radius of the eiith, and g the gravity at the surface ; put x 

to represent the attraction sought. Then by the theory, 

S ' -p.: Or, , = j(^) (5) 

As ff and r are constant quantities, the variations to x will 
correspond entirtlv to the variations of D". We shall often 
refer to this equition 
ipre.- ( 156. ) As every particle of matter in the universe at. 
" '^« tracts every other particle, therefore the moon attracts the 
, ^j. earth as well as the earth attracts the moon ; and the extent 
Ait: by which they will draw togetlier, depends on their mutval at- 
traction. If m represents the mass of the moon, and R the 
radius of the lunar orbit ; then, 

The earth will attract the raoon by the force — , 

The moon will attract the earth by the force -=— . 

The two bodies will draw together by the force — J- ■ 
If we substitute the value of ij, as found in ( 154 ), in equa- 
tion (5 ), and making r=D, then we have the expression — ■ 

The spirit of these expressions will be more apparent when 
we make some practical applications of them, as we intend 
■00)1 to do. 
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CHAPTER II. 



■ EPLBk's laws DEMONSTHATION OF TUB SECOND AND THIRH 

now A PLAHBTABV BODY WILL FIND ITS ORBIT. 

( 157. ) In this chapter we design to make some esaimna- i 
tiori of Kepler's laws, recapitulating them in order. 

The orlnta of Ote pltmels are ellipse3, hanrtg the sun at j" 
fine of their foci, 

Tliis law is but a concise statement of an observed fact, 
which never could Lave been drawn from any other source 
than observation ; but the second law, namely, 

Tlud llie radius vector of any plaiiei ( conceived to be in mo- 
tion ) awee}>s over equal areas in equal times ie susceptible of 
a rigid mathematical demonstration, under the following gen- 
eral theorem. 

Ani; body, hdnff in motion, and OMSIandy urged toward any 
fixed poivi, not in a Uae with ite motion, muet describe equal 
areas in equal times round l/ii't pmrU. 

Let a moving 
body be at A, 
having a veloci- 
ty which would 
carry it to B, 

end of time. By\ 
the law of i 
tia, it would] 
move from B to: 
C, an equal dis- 
tance, in the next second of time. But during this second 
interval of time, lot us suppose it must obey an impulse or 
force from the point S, sufficient to carry it to D. It must 
then, by the composition of foroea explained in natural phi- 
losophy, describe the diagonal B E, of the parallelogram 
ED EC. 
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Chip u. Now in the first intorval of time, we supposed the moving 
body deacribed the triangle SAB. The second interval, it 
would have described the triangle S £ C, H undisturbed bj 
aaj force at 5*, but by such a force it describes the triangle 
SEE; but the triangle S BE h equal to the triangle 
SBC, because they have the same base S B, and lie between 
the parallels S 5 and ^ C. Also the triangle S B Cu 
equal to the triangle SAB, because they terminate in the 
same point S, and have equal bases A £ and S C. There- 
fore the triangle S A £ ia equal to the triangle 5" £ ^, be- 
cause they are both equal to the triangle SBC; that is, the 
moving body describes equal arew in equal times about the 
point S, and this is entirely independent of the nature of the 
force at S; it may be directly or inversely as the distance, or 
as the square of the distance. 
Tha con. The converse of this theorem is, that when a body deseribeB 
'."rem. ° "'i^^^ "-"^^^ '" ^1""^ '■™^^ round any point, the body ia con- 
stantly urged toward (hot point; and therefore as the planets 
are observed to describe equal areas in equal times round the 
sun, their tendency is toward the sun, and luit toward any 
other point within the orbits, 
K.piert (158.) The third law of Kepler is most important of all, 
o™. toM "*"'*^^y — ^^^ squares of the times of revolmion are to each 
g >oii's M. °*^ «« i^ f^*es of the distanees from the fin. By this law 
loiion u it is proved, that it ia the same force which urges all the 
,V^'„J,"f planets to the same point, and that its irttensit>/ is inversely as 
. diit.ii=e. the square of the distance from that point { the center of the 
sun ), confirming the Newtonian theory of gravity. 

Fig. :i(i. To show this, let ns suppose that the 

I planets revolve round the sun in circular 
jrbitH (which ia not far from the truth), 
land let £ ( Fig. 30 ) represent the posi- 
jltion of a planet; F the distance which 
Uthe planet is drawn from a tangent during 
l«Hi(y of time; in the same time that it 

I describes the indefinite small arc c; and 

the number of timea that e is contained in the whole circum- 
ference, so many units of time, then, must be in one revolution 
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If D is the iJiaDieter of the orbit and t the time of revolu- °"»'' "■ 
tion, then will ~~ 

'=-- - ■ ■ tl) 
So for any other planet. If/ is the force urging it toward ah inpu 
the flttQ,o its corresponding arc, 2" its time of revokiion, and "mtim-Jid* 
R the radius of its orbit ; then, reasoning as before, 

^=^. ... (2) 

By comparing ( 1 ) and ( 2 ) we have 



By squaring, t* ', T' :: - — ■ : . 

By Kepler's hu; I' : T' :: r' i M'. 
By comparing the two last proportions, and observing that 
2r may be put for B, and reducing, we have 

^■■^ ■■■■'■■"■ 

But by the well-known property of the circle, we have 

F .c :: e:2r; or, c^=2rJP. 
In like manner, .... a^ = 2Ii/. 
Substituting these values in the last proportion, and redu- 
sing, we have 

1 ■ ^ - ;? 

Or, . . lif : rf :: r : E. 

Ocnce, . R'f=r'F; or, F : f :•. R^ : r*. 

"' ^^z^^^- 

Thai h , the attractive force of the sun w redproealiy pro- 
portioml to tJiA square of ike distance. 

( 159.) If we oommenoe with the hypothesis, that bodies ti» ib»i7 
lend toward a central point with a force inversely proper- «r exim 
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^- tiona] to the squares of their distanceB, and tlien compute 
■ or the oorrospotidiiig times of revolntion, we shall find that Iht 
w, squares of t/<e times must be <m Ihe cubes of the distances. Hence 
Kepler's third law is but the natural mathematical relation 
which mizst exist hetween times and distances among bodies 
moving freely, in circular orbits, animated by one central 
force which varies as the inverse acjuare of the distance, 
niij. ( ICO, ) Having shown that Kepler's third law is but a 
mathematical theorem when the planets more ic circles and 
their masses inappreciable in comparison to that of tho sun's, 
we now inquire whether the law is true, or only approximately 
true, when the orbits are ellipses, and their masses consid 
erable. 
««. On one of these points of inquiry, the reader must take our 
assertion; for its demonstration requires the use of the inte- 
gral calculus, a method that we designed not to employ in this 
work. Kepler's third law supposes all the force to be in the 
central body, and the planets only moving points. But wo 
have seen in Art. (156) that the attracting force on any 
planet is the mass of both sun and planet divided by the 
square of their mutual distance; and therefore when the 
mass of tho planet is appreciable, the force is increased, and 
, „f the time of revolution a little shortened. But the fact that 
""' Kepler's law corresponds so well with other observations 
I 10 proves that the masses of all the planets are inappreciable 

compared to the mass of the sun, 

,„,, ( 101.) As to the other point, we state distinctly that the 

■n"- planets ( considered as bodies without masses ) revolving in 

i|." ellipses of ever so great eccentricity, the squares of the times 

of revoltiiioti are to each other as Oie ciAes of half the greater 

axes of the orbUs. 

We shall not attempt a demonstration of this truth ; but 
hope the following explanation will ^ve the reader a clear 
Tiew of the subject. 

Bodies revolving in ellipses round one of the foci, may be 
considered to have a rising and a falling motion; something 
like the motion of a pendulum. The motion of a pendulum 
depends on the forcf if gravity, the length of the pendulum. 
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and the distance the penduJum was first drawn aailc. The Qm,. u. 

raotion of a planet depends on the force of gravity, its mean 

distance from the sun, and the origina,! impulse firut given to a commaii 

it. Most persons, who have not investigated this subject, """"*''•?'''■ 

imagine that each planet must originally have had precisely 

the impulse it did have to maintain itself in its orhit; and so 

it must, to maintain itself in just that definite orbit in which 

it moves. 5a( had the original impuUe been different, eiiker as 

to amount or direction, or as to both, then by the action (^ gravit)/ 

arid inertia, the planet would have found a corresponding orUl. 

(162.) The force of gravity, from the action of any attract- bimj... 
iug body, is always as the mass of l/ie body divided In/ the gquare ''°'' "'' '^ 
of its distance. Algebraically, if Mi& the mass of the body, ^oii^^'^ i, 
r its distance, and F the force at that distance, then (see 156) •"ii«'= "*"' 

we have - - - -^=-^ (See Fig. 28.) 

Now if the planet has such a velocity, c, as to correspond 
with the proportion F : e : : c : 2r, 

Or, - - - - c=J2rF='^ — , and that velocity at 

right angles to r (Fig. 31), then the planet's orhit would be a 
circle, with the radius r. If the velocity had been less in 
amount than this expression, and still at right angles to r, then 
the planet would fall within the circle, and the action of gra- 
vity would increase the motion of the planet; and the motion 
would increase faster than the increased action of gravity : 
there would beapoint, then, where themotion would be sufficient ^,ii;„ (;„„ 
to maintain the planet in a circle, at its then distance ; but the >*• "n. Bi 
direction of the motion will not permit the ]>lanet to run into "*!" " "" 
the circle, and it must fall within it. 

The mi'tion continues to increase until its position becomes 
It right angles to the ladius vector ; the motion is then as 
much more l/um avfficieni to maintain the planet in a circle, 
as it was insufficient in the first instance; it therefore m«, 
by the law of inertia, and returns to the original point P, 
where it will have the same velocity as before ; and thus the 
111 a net vUtrates between two extreme distances. 
12 
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If the velocitj-, on starting from the point P, were Tsrj 
,1 much less than sufficient to m^ntaiu a circle, at that distance, 
' then the orbit it would take would be very eccentric, and 
0. its mean distance mach less than r. If the original velocity 
li at P were greater than to maintain it in a circle, it would 
*" pass outside of this eircle, and the point P would be the peri- 
helion point of the orbit. 

Thus, we perceiye, that the eccentricity of orbits and mean 
distances from the stin depend on the amount and direction 
of the original impulse, or velocitj which the planet has in 
some way obtained; and it it tiol necessory that the planet 
tkould have any definitt impuhe, either in amount or direction, to 
move in an orbit, if the directum is not directly to or from, the nun 
a- (163.) For a more definite explanation of this subject, let 
lis conceive a planet launched out into space with a velocity 
suffiiiient to maintain it in a circle at the distance it theo hap- 
pened to be, but the direction of such velocity not at right 
angles to tlie sun, then the orbit will be elliptical, and the 
degree of eccentricity will depend on the direction of the 
motion ; but the longer axis of the orbit will be equal to the 
which its velocity eorreaponda ; and 
the time of its revolution will be 
same, whether the orbit is 
I circular or more or less ellijitical. 
Let/' (Fig. 31) be the poai- 
Ition of a planet, iS* the sun; and 
llet the velocity, a, be just suffi- 
gcient to maintain the planet in 
circle, If it were at right angles 
oSP. 
Now to find the orbit that this 
IJplMLct would describe, draw the 
ine P C aX right angles to a, 
md from S let fall a perpendi- 
leular on PC; SC will be the 
■ eccentricity of the orbit, and PO 
I will be the half of its conjugat-e 
whole orbit is known. 



diameter of the circle. 
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(164.) Now lot us suppose that a planet is ra^fk&r carelessly 
lauiiohcd into space, with a velocity neither at right angles to 
the sun, nor of sufficient amount to maintain it in a circle, at * 
that distance from the sun. e 

Let F (Fig. 32) represent the 
position of the planet, a the 
amount and direction of its //<ip- 
kazard velocity during the first 1 
unit of time. The direction of I 
the motion heing within a right | 
angle to S P, the action of g 
vity increaaea 
the yclocity 
of the pkr 
on the sa 

principle that a falling body in- 1 
creases in velocity ; and the planetl 
goes on in a curve.describing equa 
areasin equal times round the pointB 
S; andit willfindapoint.p, whereB 
its increased velocity will be jnst| 
equal to the velocity in a. circle whose radius is the din 
distance Sp. From the point ji, and at right angles to «, 
drawp 0, &c., forming the right angled triangle^ CS S C 
is the eccentricity, S a the mean distance, and p C half the 
conjugate axis of the orbit. 

If the planet is launched into space in the other direction, 
the action of gravity will diminish its motion, and will bring " 
it at right angles to the line joining the sun; it is then at its ei 
apogee, with a motion too feeble to maintain a circle at that °i 
distance; and it will, of eoursp, appmaeh nearer and nearer 
to the aun hy the same laws of motion and force that it receded 
from the aun ; hence the curve on each side of the apogee 
will be symmetrical ; and the same reasoning will apply to the 
curve on each side of the perigee ; and, in short, wo shall 
have an ellipse. 

To sum up the whole matter, it is found by a strict esami- 
uation of the laws oi yramly, motion, and inertia, that whatever ,{, 
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'■ " - may be the primary force and direction given to a planetary 

body ( if not directly to or from t!ic sun ), the planet vniljind 

a Cffrrespondittff orbit, of a greater or less eccentrkiiy, and of a 

ffrealer or less mean distance; and whatever be Ihe eccentricUy 

of the orhU, the re<d velocity, at tlie extremity of the shorter axis, 

mil be just svgicisni to mainlain the jilanet in a cir<ndar orlnt, at 

that mean distance frmnthe sua* 

><y "f * Let S be the sun, and P the position of a planet as repre- 

^■^^^ sented in the annexed figure, and we may now suppose it to 

iroidi burst into fragments, the figure representing three fragments 

only; the velocity and direction of one represented by o; of 

another by 6, and of a third by c, &o. 




As action is just equal to reaction, under aE circumstan'.es, 

therefore the bursting of a planet can give the whole masa no 

additional velocity ; a small mass may be blown off at a great 

velocity, but there will be an equal reaction on other masses, 

^|. * in the opposite direction. 

iiie The whole might simply hurst into about equal parts, and 
' then they would but separate, and all the parts move along 
me. in the same general direction, and with the same affffregate 
10 velocity as the original planet. The bursting of a rocket is 
°^!' a very minute, but a very faithful repiisentation of such as 
•iplosion 
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( 165.) To see whether Kepler's third law applies to ellipses, < 
we represent half the greater axis of aiij ellipse by A, and 
half the shorter axis by B, and then (3.1416) J£ is the area "■ 
of the ellipse. Also, lot a represent the veiocity or distanue -^ 



If the velocities uf the several fragments were equal, the «< 
times of their revolutions would be or[ual ; but the eeeentri- "" 
(ities of the several orbits would depend on the angles of a, 
b. c, &c.. with SP. If a is at right angles to S-P, and just 
Hufficient to maintain the planet in a circle at that distance, 
then its orbit would have no eccentricity. If still at right 
angles, but not sufficient to maintain a circle at that distance, 
then SF would be the greatest radius of the orbit. Hence, 
we perceive, there is an abundance of room to have a multi- 
tude of orbits passing through the same point, during the 
first one or two revolutions; and the times of sucli revolu- 
tions may be equal, or very unequal. In short, l/iere is no 
pkysictd impossibUUy to he urged against the theory of Dr. 
Others, that the asteroids are hut fragments of a planet. 

The objection is (if an objection it can be called) (hat 
these planets have not, in fact, a common node, nor have an 
approsimatiim to one ; nor have they an approximation to a 
common radius vector, as 5 P. But the objection vanishes 
when we consider that the elements of the different orbits 
mijst be variable; and time, a mffifient length if time, would 
separate the nodes and change the positions of the orbits so 
as to hide the common origin, as is now the case. 

But if it bo true that these planets once had a common 
origin in one large planet, it is possible to find the variable 
nature of the elements of their orbits to such a degree of 
exactness as to trace them back to that origin — define the 
place where, and the time when, the separation must have 
occurred. 

If, however, a planet should burst at one lime, and after- 
ward one or more of the fragments burst, there e.iuld be no 
tracing to a common origin ; hence it is possible that the 
asteroids in question may have a common origin, and it be 
wholly beyond the power o^ man to show it. 
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Ibat tliti planet will move in a unit of time, when at tbe ex- 
tremity of its shorter aiis ; then ^a£ will espress the area 
described tn that unit of time. 

Bui as ec|ual areas are described iti equal times, as often 
as this area is contained in the whole ellipse will he the Dum- 
ber of such units in a revolution. Put i^= that Dumber, or 
the time of revolution ; then 

(3.1416)^.5 2(3.1416)^ 
'- iuB " 

Let A' and £' be the semiaxes of any other ellipse ; a tiiu 
velocity at the extremity of £', and l" the time of revolution; 

_ 2.(3.1416)^' 
then will - - C=— i .-^ — 

By comparing these equations, and rejecting common fao- 

A A' 

tors, we have - I : t : : ^ : -;-. 



«W5 



=^^ 



But by Art. 162, 

M mass of sun) ; and putting tbe values of a and a 
above proportion, we have 







JA A'JA- 
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A-^ : —^ — ; 






JiM J2M 


Or, - - ( 


! f :: 


aJa : A-jA'. 


By squaring (" 


: l'" :: 


A^ A'^; which is 


Kepfer's third 1; 


aw. 




(1G6.) We have seen. 


in articles 163 and 164, that the 


eccontri 'tj fa 


b'td p 


d the direction of the motion 


to the rad ua 


wh n 


he planet is at mean distance. If 


that dir 


a n h a 


gl s the radius vector at that 


time, th he 
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18 n h ng. If its direction is very 


acute, tl nth 
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ry great, &o. 
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n be situatedat B(Fig. 32); 


its attra 
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to give h vel 


y - 


1 n more at right angles to 
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Sp, and thus to diminiah the eccentricitj of the orbit. If 
the'disturbing body, B, were anywhere near the line C S, its ^ 
tendency would be to increase the eccentricity; and thus, m 
general, A didurbinff bod;/ near a line of the shoHer oms of 
a» e^:t lim a tendency to d\mimsh Ihe eccenlridty of the orbU 
0/tke disluried body; and, anyvAsre vear a line of the greater 
axil, has a tendency to increase the eccmricUy. Hence the 
eecentricitiea of the planets change in consequence of their 
mutual attractions-, but their mean distances never change. 

(167.) As the time of revolution is always the aame for 
the same mean distance, whatever be the eccentricity of the 
orbit, therefore if we conceive a planet to turn into an infi- 
nitely eccentric orbit, and fall directly to the sun, the time of 
Buch fall would be Mf a revolutUm, in an orbit of half it« 
present mean distance, as we perceive, by inspecting Fig. 34. 
Hence, by Kepler's third law, we can compute the ^j^^g^ 
time that would be rdiuired for any planet to faU to 
the aun. Let x represent the time a planet would 
revolve in this new and infinitely eccentric orbit ; tlion, 
by Kepler's law, 

(» : z» :: 2' : 1=, or, "^'=g-- 
Therefore half of the revolution, or simply the time 

; ' 

of the fall, must he expressed by — |, or, - ; 

that is, to find the time in which any planet would 
fall to the sun, if simply abandoned to its gravity, or the time 
in which any secondary planet would fall to its primary, dtmde 
Ui time of Tevdwlim by four times the square root of ivjo. 
By applying this rule, we find that 



w 



Morcory would fall 
Earth, 






39 17 19 
64 13 39 



121 10 3G 
'""" 765 21 36 

2"r::-::::::::::::::::::::: ™' « ^ 



5424 16 53 



The moon «ouH M lo Ike omtli in 41 19 k. 64™. S6i 
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CHAPTER III. 
HAsaxa OS las planets— densities — pkesscke oh theib 

SDBFAGB3. 

jHip. ni. C 16^- ) I^ 'liB earth contained more matter, it would 
(iiM« attract with greater force; and if the Eun has a greater 
«i«i bj u- power of attraction than the earth, it is because it contains 
■tuHoi, more maUer than the earth ; and therefore, if we can find the 
relative degree of attraction between two bodies, we have 
their relative masses of matter. 

If the earth and sun have the same amount of matter, they 
will attract equally at equal distances. Let J/" be the mass 
of the sun, and £ the mass of the earth, then ( at the saice 
unit of distance), the aitraclion of tfte nun is, to Ike atlraclion n' 
JlAe earth, as Mlo E. 

But attraction is inversely as the square of the distance 

Hence the attraction of the sun at J) distance, is —j— ; and 
the attraction of the earth at R distance is -^. 

Gii.iiy of The earth is made to deviate from a tangent of its orbit 
"" '""d b" ^■' *^^ attraction of the sun ; and the moon is made to deviate 
lb, jevia. from a tangent of its orbit by the attraction of the earth, and 
tion or the [he amount of these deviations will give the respective 
iMgoniofiu amounts of solar and terrestrial gravity, 
•rti^ If we take any small period of time, as a minute or a sec- 

ond, and compute the versed sine of the are which the earth 
describes in its orbit during that time, such a quantity will 
express the sun's attraction; and if we compute the versed 
sine of the arc which the moon describes in the same time, 
that quantity will express the attraction of the earth. 
How IB Mm- Xn Figure 30, Art, 158, /"represents the versed sine of an 
piraiive '"'"J ^"'^ '^ ^^ **''^ -^ *" represent the mean distance be* 
Bssse.oftho tween the earth and sun, and consider the orbit a circle 
(as we may without errot, 164 ), the whole eircumferen'!* is 
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il> (* = 6.2832 ) Divide the whole circumference by the Cu»r iii 
number of minuted in a revulution ; say T, and the quotient 
will represent the arc a (Fig. 30). When T is very large, 
and of course a very smaU, the chord and &tii praetkally coin- 
cide; and by the well known property of the circle, we have 



2i) 


:«::«:#; 


; Or, 


F= 


''in 




(1) 


Buta = 


= -fp-'f hence. 


a" = 




-, and 


h>= 


22... 


That is, 


JP-=2^1„hioht 


,.„, 


jxpression for the ami 


attraction at the distance of the eartli 


. But 


M . 


al»o 1 


expression 


for the sua's 


attraction 


at the 


same < 


iistanct 



therefore, ^ = -™j; Ur, M = ^^. 

In the same manner, if H represents the radius of tlie lunar 
orbit; ( the number of minutes in the revolution of the 
moon; the mass of the central attracting body (in this case 
the earth } must be esorcssed by 

2f ' 



E=- 



Tberefore, E : M:: -p- : jfj. 

This proportion gives a relation between the masses of the 
earth and sun expressed in htmm quaiUilies. 

If we assume unity fnr the mass of the earth, we shall 
have for the maa" of the sua, 

-=S.. . . . M) 

(169.) This is a very general equation, for D may repre- ■nuj 
ient the radius of the earth's orbit, or the orbit of Jupiter or 'pp''"' 
Saturn, and T will be the corresponding time of revolution, y,^ 
ilso R may represent the radius of the lunar orbit, or the 
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(,inp. 111. orbit of one of Jupiter's or Saturn's moona, and then t will 

be its corresponding time of revolution. 

Th. wiciu This equation, however, is not one of strict acouraey, as 

of *• "iM. the distance a planet falls from the tangent of its orbit, in a 

i^'^itectis . M M-\-£ 

,p.gj^,j ,nj definite moment of time, is not, accurately -^j^, but — ~— 

( see 156 ), E being the mass of the planet. The force 
which retains a moon in its orbit is not only the attracting 
mass of the central body, but that of the moon also. But 
the planets being very small in relation to the sun, and in 
general the masses of satellites being very smal! in respect to 
their primaries, the errors in using this equation will in gen- 
eral be very small. The error will be greatest in obtaining 
tor •iinBtion tlis mass of the earth, as in that case the equation involves 
'** the periodic time of the moon ; which period is difi'erent from 

what it would bo were the moon governed by the attraction 
of the earth alone ; but the mass of the moon is no inconsid- 
erable part of the entire mass of both earth and moon ; and 
also the attraction of the sun on the combined mass of the 
earth and moon, prolongs the moon's periodical time by about 
its 179th part. 

With these corrections the equation will give the mass of 
the sun to a great degree of accuracy; but we can determine 
the mass of the sun by the following method : 
Annu. From Art, 155, we leara that the attraction of the earth 

"•■■ at the distance to the sun, is p (tS"/' 

By Art. 168, we have just seen that the attraction of tht 

nun on the earth, is ^^ ; therefore. 

Taking the mass of the earth as unity, we have 

*=-2-J?ri' • ■ (■») 

Equation (.S) is more accurate than equation (^A) 
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tiecause ( B ) does not mvolve the perioaical revolution of the c^._^. 
moon, which requires correction to free it from the effects of 
the Bun'a attraction. To ohtain a numerical espreaaion for H^^» ^^ 
the maas of the sun, M, the numerator and denominator of the „„i^^| „. 
right hand member of equation ( B ) muat be rendered homo- "it. 
geneoua; and as g, the force of gravity of the earth, is ox- 
preased in feet ( corresponding to T in seconda }, therefore r 
toe mean radius of the earth, and D the distance to the sun. 
iQuat be expressed in feet. But from the sun's horizontal 
parallax, we have the ratio between r and i) ( see 127 ), 
which gives I> = 23984 r. 



2gT' 

press the whole in numbers, we muat give each symbol its 
value ; that is, . = 15.2832 ; r = ( 3956 ) ( f^280 ) ; -, = 16.1 ; 
r =31553150, the number of seconds in a sidereal year. 

(6.283 2)^ (23984)'(3956)(5 280) 
Therefore, M= ,32.2)(31558150)» " 

It would be too tedious to carry this out, arithmetically. An 
without the aid of logarithms, and accordingly wo give the '^"^ 
logarithm etieal solution, thus, ofio 



1 log. 0.798178x2 



log. 
5280 log. 



13 .140000 
3 .597256 
3 .722632 



Logarithm of the numerator, . ■ -22 .056244 

32.2 log 

31553150 log. 7.499114X2 . ■ ■ 1* ■'^^'^'^'^'^ 
Logarithm of the denominator. . . 16 .506084 
Therefore M= 354945, whose log. is 5 .550160 

That is, the mass or force of attraction in the son ia 

361945 times the mass or attraction of the earth. La Place 
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u. says It is 354936 timea; but the difference is uf uo eoaw- 
quecLce. 

Equation (J) gives 360750; but miuatioii {B), as we 
bave before remarked, is far more accurate, and the result 
here given, agrt-es, within a few units, with the best author- 
ities. 

Equation (£) is not general; it will only appjy to the 
relative masses nf sun and moyn, because wo dn not know 
the element g, the attraction, on the surface of any otfaer 
planet, except the earth. That ia, we do not know it as a 
primary fact ; we can deduce it after we shall have determined 
the mass of a planet. 

Jiquatinn {A) is general, and although not accurate, when 
applied to the earth and sun, is sufficiently so when applied 
to finding (he masses of Jupiter, Saturn, or Uranus; because 
these planets are so remote from the sun, that the revolutions 
of their satellites are not troailed by the sun's attraction. 
■K. CITO.) To find the mass of Jupiter (or which is the 
^°'^ same thing, the mass of the sun when Jupiter is taken as 
1.. unity), we conceive the earth to be a moon revolving about the 
sun, and compare it with one of Jupiter's satellites revolving 
round that body. To apply equation ( A ), let the radius of the 
earth equal tiKily, then the radius of Jupiter must bo 11.1! 
(Art. 131 ) ; and by observation the orbit radius of Jupiter's 
4th sateUito is 26.9983 times Jupiter's radius, therefore 
the distance from the center of Jupiter to the orbit of its 
4th satellite, must be the following product (11. U) (26.9983), 
which corresponds to M in the equation. D ~ 23984 ■ 
7=365.256; (=16.6888. 

Therefore, by applying equation [A). {M= ); we 

h»ve jf (16.6888 )^(2 3984)^ 

(365.256)=(lTir)"'(26.9983)s- 
By logarithms 16.6888 log. 1 .222410x2 . 2 .444820 
23984 log. 4.380000x3 . 13 .140000 
Logarittira of ttie numerator, 15. 584820 
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365.256, log. 2.562600x2 .5.125200 :««, id 

11.11, log. 1.045714x3 . 3.13T142 
26,9983, log. 1.431320x3 .4.293960 

Logarithm of the denominator, . . 12 .556302 

Therefore j}/"= 1068*, log. . . . 3.028518 

This result shows that the mass of the sud is 1008 tiroes 
the mass of Jupiter ; but wc previously found the mass of 
the sun to be 354945 times the mass of the earth, and if 
unity is taken for the mass of the earth, and J for the mass 
of Jupiter, wo sball have 

1068^=354945; 
because each member of this equation is equal to the mass 
of the sun. 

By dividing both members of thia equation by 1068, we Thi-muss ot 
find the mass of Jupiter to be 332 times that of the earth ; ''''^7', "j™ 
but in Art. 132, we found the hdk of Jupiter to be 1260 onhceeni. 
times the bulk of the earth ; therefore the density of Jupiter 
is much less than the density of the earth. 

■ In the same manner we may find the masses of Saturn and The mmHi 
Uranus — the former is 105.R times, and the latter 18.2 •*■ S""" 
times the mass of the earth. "^ Uranui 

The principles embraced in equation ( A ) apply only to 
those planets that have satellites; for it is by the rapid or 
slow motion of aueh satellites that we determine the amount 
of the attractive force of the planet. 

In short, the masses of those planets which have sateliites, nhai le- 
>re known to great accuracy; but the results attachefl to '"'" ""J •" 
others in table III, must be regarded as near approximations. ,|.|.n,„,. 

The slight variations which the earth's motion experiences Themaitei 
by the attractions of Venus and Mars, are sufficiently aenai- J^,^ ^'"^ 
ble to make known the masses of these planets ; and M. Mcitcrj. 
Burckhardt gives tksV'TT ^^r Venus, and jj^^^^j for Mara 
( the rnass of the sun being unity ) . Mercury he put down at 

* Thia is a correct resalt according to these data ; but more modern 
observations, in relation to Ihs mlcrnmetic mecaure of Jupiter, and 
(he distance of his satelllteg, ^ire results a little diflerent, as exprewMl 
m table HI. 
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1 TBilsTBi b"* '^'^ result is Ihtlo more than hypotbetieal, 

aa It is drawn from ita Folumc, on the supposition that the 

densities of the planets arc rociproeal to their mean diatacoes 

from the sun; which is nearly true for Venus, the earth, and 

Mars. 

°^ (1"1-) It may be astonishing, but it is nevertheless true, 

,(. tliat by means of oqnatioiis ( A ) and {£} we can find Ikt 

" diameter of the earth to a greater degree of esactness than by 

,f any one actual measurement. 

We have several times observed tliat equation ( ^i ) is not 
accurate when used to find the masses of the earth and sun, 
because it contained the time of the revolution of the moon; 
which revolution is accelerated by the gravity of the moon, and 
retarded by the action of the eun. 

Therefore, to make equation (^A) accurately express the 
mass of the sun, the element t" requires two corrections, 
which will be determined by subsequent investigation. The 
first is an increase of ^'jth part ; the second is a diminution 
of ^J-j-th part, and both corrections will be made if we take 
"G-357 . , 

™ Then having two correct expressions for the mass of the 
sun, those two expressions must equal each other ; that is. 

75-358 r»i23~ 2^3 T^"' 
By suppressing common factors, wo have 
76-357 f-- 

75-358 i2» ~1gr^' 
In this equation r represents the mean radius of the earth, 
and wo will suppose it unknown ; the equation will then 
make it known. 

The relation between R, the mean radius of the lunar or- 
bit, and r, the meat radius of the earth, is given by meaiu 
of the moon's horizontal parallax. 

The moon's eguntorial horizontal parallax, as we nave sseu, 
i (65) IB 5"' 3"; but the horizontal paraUax for the mean ra- 
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dius, ia 56' 57"; this makes -fi = ( 60.36 ) r, whstever the Ch». hi. 
numerical value of r may be. Put tliia value of B in the ^^^^ ^^ 
preceding equation, and supprees tho common facltir r', umiai i-ani 
TG'357i- 



e then have 



Therefore, 



75-358(ti0.36)s»- V 
V76-357 t- 



75-858(ti0.36)='-= ' 
Aa g is expressed in feel, and corresponds to ( in seconds, Coi 
the numerical value of r will be in feei, which divided by '" ' 
5280, the number of foot in a mile, will give the number of 
miles in tlic mean radius or mean semidiamoter of the earth; 
and by applying the preceding eijuation. giving g, I, and *■, their 
proper values ; and by the help of logaritlmis, we readily ii 
r = 3955.8 miles ; less than a mile from the moat i 
result; and wo do not hesitate to aay, that this result is more 
to be relied upon than any other. 

MASS OF IllE MOON. 

(172.) Approxiraationa to the mass of the moon havTi„mu.^ 
been determined, from time to time, by careful observations *" """° 
th t d b t t t 1 k f m th m t 1 ' ^ ,j 

It f m th ft p bl t d d wl th m "'■ 

ayptltll b ltd tdd g^^ " 

mtd d hdbythwidadwtl If 

IT t d t th pi f b t t m ght h b ( 
t d t It twtl t d g tl bi t tl 

m f tl m ca b p tty a t ly d t m d by 

m ftltd wigtthgt b d ty 

f b th t b b gl t th t and 

w h U p f th d d 1 afte 1: t 

t p t w 1 U fi tt t t th f II wi g 

mpl d I ^ t m th d f bt tl am It 

If the moon had no mass ; that is, if it were a mere mate- 
rial point, and was not disturbed by the attraction of the 
sun, then the distance that the moon would fall from a tan- 
j^oiit of it" orbit, in one second of time. woiJd be just equal 
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'"^ ^' ^^^' ^^^' ' ^" *'^^ expression ^, r, and ^, repre- 
sent the same quantities as in the last article. The dis- 
tance that the moon actually falls from a tangent of its orbit, 
in one second of time, is equal to the versed sine of the are it 
desorihes in that time, and the analytical expression for it is 
found thus : 

Let <r li represent the circumference of the lunar orhit, and if 
( is put for the number of seconds in a mean revolution, then 

~ represents the arc corresponding to the moon's motion in 

one second (Fig. 30), and as this so nearly coincides with 
a chord, we have 



"^ Hence, we perceive, that ^-^ '« ^^^ distance that the 

^° moon would fall from the tangent of its orhit in one second 

nd of time, if it were undisturbed hy the action of the sun ; hut 

we can free it from such action hy multiplying it hy — -, 

as we shall show in a euhsequent chapter. That is, the 

attraetioD ot both the earth and moon, at the distance of the 

lunar orhit, is --v~- — , 
357-2 f= 

But the attraction of the earth alone, at the same distance, 
'8 ^ ; '^"** comparing these quantities with the more gene- 
ral expressions in Art. 156, we have 

J?_ . ^^ .. ffS^ SbS'T^M 

£' ' M' 'Ji'- 357-2("- 
By fluppreseing the common denominator, in the first 
couplet, and calling E. the mass of the earth, unity, the pro- 
portion reduces to 

358 '■■72* 



1+m 
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Ab in the last article, -H=(60.36)r, and thia value put for cb« 
R', and reduced, gives 

358''"(60.36)3)- 
1 : 1+™ :: j7 : ^^y^^j ; 

358^2(60.86)' r 
Therefore, - - l+m= ^^j.^^.^ " ■^' 

Thia fraction, as wel! as the one in the last article, can be 
redueed arithmetically; hut the operation would be too 
tedious; they are hoth readily reduced by logarithms, by 
which we found l-|-m=1.01333 ; hence m=.01333, which 
is very nearly I'^th. Laplace says ^'jth of tlie earth given 
is the true mass of the moon ; and this value we shall use. i'''"'" 



(173.) The density of a body ia only a comparative term, 
and to find the eomparison, some one body must be taken as '*" 
the standard of measure. The earth is generally taien for 
that standard. 

""t ia an axiom, in philosophy, that the same mass, in a 
smaller volume, must be greater in density; and larger in 
volume, must bo less in density ; and, in short, the density 
must be directly proportional to the mass, and inversely pro- 
portional to the volume; and if the earth is taken for unity 
in mass, and unity in volume, then it will be unity in density 
also ; and the density of any other planetary body will be Us 
mass divided by i'i volume; and if its volume is not given, the 
density may be found by the following proportion, in which 
d represents the density sought, and r the radius of the body ; 
the radius of the earth being unitr/. The proportion ia drawn 
from the consideration that spheres are to one another aa the 
eubea of their radii. 

- : : ; 1 : rf; hence rf= — ~. 

From thia equation we readily find the density of the aun, 
for we have its mass (354945). and ita semidiameter 111.6 ^ 
times the aemidiameter of the earth (Art. 156) ; therefore its tf 
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ch.i-. in. , , 354945 
density muat be -.-Y gT-^ =0.254, or a ]ita%more than Jth 

pana u> un fijg density of the earth. 

Ui« »snh. The mass of Jupiter ia 332 times that of the earth, ami its 

volume is 1260 times the vokrae of the earth ; therefore the 

density of Jupiter is ,r^^=0.2Gi; which is a. little more 

than the density af the sun. 
OentiUe. Xhe mass of the moon ia i^, and its volume Jj, therefurejtt 
■MaX'"' ^iensityis Vs divided by Jj, or 4| =0,6533; about | the den- 
sity of th th 

From th mp! th d w 11 u d t d h w the 

densities w f d p •« 1 tahl III 



>" ( 174 ) Th gr ly th f t a ph 

" the mas dim Th tt t th 

* sphere i th m f t wh I 

center; 1 th g t th d t 
surface, th I tl tt t | 

the dista 1th th 1 

must be taken for the unit, and we 

The mass of the sun is 354945, and the distance from its 
center to its surface is 111.6 times the semidiameter of the 
earth ; therefore a pound, on the surface of the earth, is to 
the pressure of the same mass, if it were on the surface of 

1 354945 

the sun, as - to -— ■ „ --, or as 1 to 2S nearly. That 
1 (111.6)2 J 

is, one pound on the surface of the earth would be nearly 28 
pounds on the surface of the strn, if transported thither. 

The mass of Jupiter is 332, and its radius, compared to 
that of the earth, ia 11.1 (Art. 131) ; therefore one pound, on 

the surface of the earth, would be , or 2. 48 pounds on 

the surface of Jupiter; and by the same principle, we can 
compute the pressure on the surface of any other planet 
Results will be found in table III. 



m w 11 


t d t s 


f mth 

I t th 

t t I m 

take the earth, 


t t tie 
as before 
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CHAPTER IV. 



(175.) By the theory of univevBal gravitation, every body 
in the universeattractsevery other body, in proportion to its 
mass ; and inversely as ilie square of its distance ; but sim- 
ple and unexceptionable as the law really is, it produces very 
complicated results in ihe motions of the heavenly bodies. 

If there were but tivo bodies in the universe, their mo- 
tions would be comparatively simple, and easily traced, for ^ 
they would either fall together or circulate around each 
other in some one undeviating curve; but as it is, when 
two bodies circulate around each other, every other body 
causes a deviation or vibration from that primary curve 
that they would otherwise have. 

The final result of a multitude of conflicting motions can- 
not be ascertained hy ccceidering the whole in mass ; we must 
take the disturbance of one body at a time, and settle upon 
its results ; then another and another, and so on ; and the suni 
of the results will be the final result sought. 

We, then, consider two bodies in motion disturbed by a 
third body ; and to find all its results, in general terms, is " 
t]ie famouii problem of "tl/e three /jii(/ies ;" hut its complete 
solution surpasses the power of analysis, and the most skillful 
mathematician is obliged to content himself with approsi- 
raationa and special cases. Happily, however, the masses of 
most of the planets arc so small in comparison with the mass 
of the sun, and their distances so great, that their influences 
are insensible. 

We shall make no attempt to give minute results ; but we 
nope to show general principles in such a manner, that the 
-eader may oomprehend the common inequalities of planetary 
motions. 

Let m. Fig. 155, be the pi sition of a body circulating around 
mother body A, moving n the direction PmB, and dis- " 
turbod by the attraction of some distant body J) 
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We now piopoae tc jIiow buii,o J 

lie most genera! effects of the an- 

idii of D, wiikoul paying Ihe It il re- 

T>ril lo quantity. 

If A and m were equallj- at- 

I triKiwl by J), and the attraotion 

iieitod in parallol lines, then D vi nM 

lot disturb the mutual relations of 

I A and m. But while m is nearer to 

I D than A is to 1), it must be tnort 

I ttvongly attraeted, and lot the lini 

n/i represent tiiia exce$» of olli'action. 

I Decompose this force (sec Nat. Phil.) 

two others, mn and np, the first 

ng the line A m, the other at right 

;li;s to it, 

l-h^ fir^t is a n/lhff force ( called 
I by ii.stroDOiiiers the radial force), 
t!ie other is a Umirirwl force, and affects the motion of m. It 
will accelerate t!ic motion of m, wliile acting with it, from P 
to B;and retard its motion, while acting against it, from B 
to Q. 

We must now examine the effect, when tho revolring body 
is at m', a greater distance from D than A is from J). 

Now A is more strongly attracted than m', and ihe resvlt 
of this unequal attraction is the same as though A were not 
attracted at all, and ra' attracted tho other way by a force 
c(|ua] to the difference of the attractions of 1> on the two 
bodies A and m'. Jjct this dJIFcrenec be represented by the 
line m,' p', and decimpose it into two other foroes, m' n' and 
n' p', the first a lifting fnrce, the other the tangental force. 

Tho ralionole of this last position may not be perceived by 
every reader; and to such we suggest, that they conceive A 
and m' joined together by an inflexible line A m'. and both 
A and m' drawn toward £>, but A drawn a greater dis- 
tance than m'. Then it is plain that the poKil'ion of the lino 
A m' will be changed : the angle D A m' will become groater, 
and the »nj;h CA m' less; tliat is, tho motion of m' wil! bt 



,y Google 



L U N A I 



ERTURBATIONS 
i a to F it m, 



F]g. 3fi. 



»i>ooIerateJ iVuiu Q to C, Imt froi 
tarded. 

/» g/mi, l/ie motion qf m will be acceUrakd when mmiing to- 
leard the line DBG, aiul retarded while moving from. Uial line. " 
That is, retarded from B to Q, accelerated from Q to C, re- ^' 
tarded from C to 7^, and again accelerated from P to B. v 

If wo conceive A to be the earth, m the moon, and D tlie " 
STir.; then D£ C k called the line of the si/ziffies, a term "' 
T'hich means tlie plane in which conjunctiuna and oppositions 
take place. At the point B the moon falls in conjunction with 
the S'ln, and h new moon; at the point C it is in opposition, 
or full moon. 

( 170. ) Conceive a ring of matter an 
a sphi,rc aa re present Ld in tig 30, and let I 
It be either attjched or detached from the I 
sphere, ai d let D be not in tl e plane of the | 

Turn what waa e\p] lined in the last a 
ticlc the parlideb tt nuttci at m are roi 
itantly urged tmard the hno DBC, andl 
the particha at in are tonatantly urged! 
toward the same line , that i 
traction of D, on the ring has a ttndeney tol 
dimmish its mJination to the line D£C';T 
and its p>aitini wm!d be ohinged by suclil 
attraction from what it would nthern-isi 

and if the ring is attachid to the sphere, the sjiliere itself will 
have a slight motion in consequence of the action on the ring. 

Now tl er a n fa t a br ad r g atu I ed to the equator- 
ial part of tl e ea th g n^ t! e wh Je a j heroidal form ; and 
1 e i la e of ti e equat r s the plane ot the ring. 

\\ hen the sun or s w th ut tl plane of this ring, 

that 1, th ut tl e ] la of tl e e (uator tl cir attraction has "' 
a tp d ncv to d aw tl e plane of tl e e ]uat ,r toward the at- 
tract Dfe b Iv a d actually d es a draw t; which motion is 
aUed wft)* n How this m t n was d scovcred. and its 
iin.ount aseertaineil, will be explained in a subsequent chapter. 

fl77,) IVe nay conceive the line BBC to be in the 
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gots from nodt, to node be- 
fore it describes 180°- — and 
ince we saj tbat the moon's 
ides fall backward on the 
eelLplic. The rate of retro- 
gradation is 19° 19' in a year, 
making a whole circle in about 
18.() years. 

178.) We are now pre- 
[i to be a little more defi- 
nite, and inquire as to the 
amount of some of tbe lunar 
egularities. 

Let S be the mass of the 
n, E that of tht earth, and 
the moon, situati'd at J). 
t a be the mean distance 
between the earth and sun, z 
distance between the sun 



and n 



I, and r the 



of the lunar orbit. Let 

moon have any indefinite 

position in its orbit. ( It is 
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.S' ■ e I. "•*'■ "■ 
tiou of the sun on the moon is -5 ; and the attraotion of the 

earth and moon, on the moon, U -^- ( Ar*- ^^^- ) 

Let the line DB, the diagonal of the parallelogram A C, be 
the attraction of the sun on the moon, and decompoae it into 
the two forces Z> A and D C; the first along the lunar radiua 
vector, the other parallel to S£. 

The two triangles CD£ aad J) S E are aimilar, and give 

the proportion a i z :: C D : D B. Buti>£=-; 

Therefore CD = ^. Bj a amilar proportion we find 



Let the angle SED he represented by x, then i) 6/ will 
be espressed by r cos. a^ and S D ff will be a right line Tuxirly, 
for the angle D SE\a never greater than 7'. 

Now if the force D C, which is parallel to SE, is only 
equal to the force of the snn'a attraction on the earth, it 
will not disturb the mutual relations of the earth and moon, 

S 
The force of the sun's attraction on the earth is -j ; and as this 

must bo less than the force of attraction on the moon when 
the moon is at D, conceive it represented by the line C», and 
subtracted from CD, will leave J)n the excess of t'ae sun's 
attraction on the two bodies, the earth and the moon ; and 
this alone constitutes the dbturbing force of the moon's 
motion ; 

Thatis, Dn = CD—Cn = ^ — ^; J^'^J" 

*)xI)n = aS(— J Y tht disturUnff force. Decom- """^ '^'" 

pose tWs force (i>«) into Iwo others, Dp and pn, by means 
of the right angled triangle Dpn; the angle ;>i>« bang 
Bqual to DES, which we represent by *. 
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Whence I)ji= Sa ( — ^ ) ooi. *; 

And pii = Sa i— -j ain. z. 

The fgree D-d, »'. e. (^ —) is called the addiliou» forte; 

Tiw ladiai the force Dp the oUtUUiom! force. The difference of these 

two forces is called the radial force ; that is 

rS 
— -= the radial force ; pn, is tht 

tangeutal force. 
"I Wlen the angle x is equal to 90°, cos. I = o, SD r^ S E. 
^' or z =:a; which values, substituted, give for the value 

of the radial force at the quadraturee, and its tendency there 
is to increase the gravity of the moon to the earth. When 
the angle x is zero ( the moon is in conjunction with the sun ) 
the COS. a;^ 1, and the radial force becomes 

Sa_Sa_rS^ S (g—r) Sa 

But at that point j = (a — r), which value substituted, 
and rejecting the oomparatively very small quantities in both 
numerator and denominator, we have, for the radial force at 

conjunction, — — , 

When the angle x = 180° { the moon is in opposition tu 
the aan}, cos. w^ — 1, and the force becomes 
Sa^Sa_rS S S ( a-\^) 

a' «» B'' a" s^ 

But at this point e^a-^r, which, substituting aa before, 
and we have for the radial force in opposition ^^— , the saine 
expreaaion as at conjunction. 

If we compare the radial force at the ayzigies with the ex- 
pression for it at the quadraturea, we shall find it the same 
in form, but double in amount and opposite lo sign, showing 
that it is opposite in effect. 
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( 179. ) As the radial force increases tliu gravity uf tbe chip. 
moon to the earth at the quadratures, and diminishes it at 
the syzigiea, there must be points in the orbit symmetrically whantt 
situated, in respect to the sj-zigiea, where the radial force *'»' ^'< 
neither increases nor diminishes the gravitj', atid of course 
its expression for those pointa must be zero; and to find iiav 
these points we must have the equation '"'' '''* 

^-Cir-Jr) — ^f-« ■ ■ (') 

By inspecting the figure we perceive that tbe line S D 
La in value nearly equal to the line SS, and for all points in 
the orbit we have 

2 = <.±rcoii (2) 

Reducing equation ( 1 ), we have 

(«»-z=)co8.a. = ra=. ... (3) 
Cubing ( ^ ), 

As r ia very small in relation to a, the tercns containing the 
powers of r, after the first, may be rejected; we then have 

(a= — z=) = + 3a^ r cos, i. . . (±) 
This value substituted in [ 3 ), and reduced, gives 

Hence COS. « = Vi and a = 54° 44', or the points '"^'^•^^^ 
are 35° 10' from the quadratures. "J 'i^ 

This shows that at the quadratures, and about 35° ou 
each side of them, the gravity of the moon is increased by 
the action of the sun, and at the syzigies, and about 54° on 
each side of them, the gravity is diminished; and the diminu- 
tion in the one case is double the amount of increase in the M«>i 
other, and by the application of the differential caloiAlua we ' " 
learn that the moan result, for the entire revolution, is a dimi- 

. rS 
aution whose analytietJ expression is ^- , an expression 

which holds a very prominent place in the lunar theory ; the 
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'■ result of which we have used in Art. 171. anl there stated it 
to be jljth part of the force that retained the moon id its 

of But how do we know thia to be its numerical value, ia a 

^ very serious inquiry of the critical student? 

'" The force that retains the moon in ita orbit is — "J^ 
( Art 156 ) ; and if the radial force can be rendered Itomage- 
neous with this, aome numorioal ratio must exist between 
them. Let x represent that ratio, and we must find some 
numerioal value for x to satisfy the following equation : 

2a^'- r= t^' 

Therefore r = ^ (■^+'»)° '; 

calling E=\, m= ^ ( Art. 172 ), or .£ + m ia 1.013. 
S = 354945 (Art. I(i9 ), and the relation between the 
mean distance to the sun, and the mean radius of the luna( 
orbit, is 397.3,* therefore 

3o4945 ' 

or the coefficient to x, in equation (A), ia one three hundredlh. 
and J^y-ei^hik part of tlie force which retains the taoon in iin 

* ( 180.) The mean radial force cauaes the moon to cirou- 
' lato at j^jth part greater distance from the earth than it 
otherwise would have, and its periodical revolution is in- 
creased by its 179th part; but this would cause no variation 
or irregularity in its distance or angular motion, provided its 
orbit were circular, and the earth and moon always at the 
Bame mean distance from the sun. 

ai Hut we perceive the expreasion ,-j— J contains two variable 

quantities, / and a, which are net always the same in value ; 
and, therefore, the value of the esprossiou itself must be va- 
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riaUe ; and it will be least when the earth is ut the greatest ch^ 
distance from the sun, and, of course, the moon's motion will 
then be increased. But the earth's variable distance from 
the SUB depends on the eccentricity of the earth's orbit ; and ^ ti« 
hence we pereeivo that the same cause which affects the ap- '^ J^' 
parent solar motion, affects also the motion of the moon, and moM 
gives rise to an eixaation called the annual equaihn* of the 
moon's motion. It amounts to 11' in ita maximum, and va- 
ries by the same law as the equation of the sun's center. 

( 181.) ,tf we take the general expreseions for the radial * ■ 

force, Sa(-- — — ) oos, x — — , and banish the letter z ^^ 

from it by means of the equation didod 



( neglecting the powers of r) and wc shall have, 
rS (3 COS. 'X — 1 ) 

for an expression of the radial force corresponding to any 
angle a from the syiigy. 

If we tabe the general expression for the line pn, the tan- 
gental force, and banish s, as before, we have, 

3rs cos. x sin, x 
langental force ' j-~ 

By doubling numerator and denominator, this fraction can i 
take the following form : ^ 

3r.i (2 COS. I sin, ar) ^ 
2a^ 
But, by trigonometry, 2 60s. x sin. x = sin. sr, 

3r« sin. 2« 
Therefore the tangental torce = ^"j ■ 

This expression vanishes when x = o and a: = 90° ; for then 
lin. 2r = sin. 180 = 0. Hence the tangental force van- " 
isheu at the syzigics and quadratures, attains its maximum 

• This \i equation I, in the Lunar Tables. 
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considered as elliptical. 

" et 5" £• ( Fig. 38) beat right 
[angles tu A B, the greater axis 
li the luQar orbit, and conceive 
A G B to represent the orbit that 
tiio moon would take if it were 
undisturbed by the sun. 

But when the moon comes 

i;und to its perigee at A, it is in 

ne of its quadratures, and the 

radial force then increases the 

[gravity of the moon toward the 

earth by the eapression — . But 

r is less than its nuan value, 
land the expression is less than its 
an, and therefore the moon is 
. crowded so near the earth as 
lit otheiwise would be, and, of 
Icnursc, at this point tiie moon 
Jwill run farther fiom the earth. 
At the point C, the radial force tends to increase the dis- 
tance between the earth and moon, ar>d to widen the oibU. 
g AtTien the moon passes round to C, the radial force again 
fm the privity of the moon, and ', in the expression 
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n value; and, of course, crowds the 



moon nearer to the earth than it otherwise would go; and ^''^ *^"'' 
thus we perceire that the action of the radial force on an el- „artiiipi.. 
liptieal orbit has a tendency to decrease the eccerdrkily of the 
ellipse, wlien the stm is at right angles to its greater axis. 

( 183.) Now conceive the sun to be in a line, or oearlj in 
ft line, with the longer axis of tlip lunar orbit, as represented 
in Fig. 39. 

The radial force at the quadrati 
C and D, has a tendency to prea 
the orbit, or niirrow\t. At the point 1 
A, the tendency, it is trao, is to 
crease the distance between the earth | 
and moon ; but that tendency la 
30 strong as it would be if the n 
were at its mean distance from 

The tendency at B is to iner 
the distance, and it Is, a tendcncy| 
greater than the medium. That i 
the tendency at A is less thari \\ 
medium; at B, greater than ihe mi 
dium; and at C and D, the com* I 
pressed parts of the orbit, the ten- 1 
dency is to a still greater eompres-l 
fiion; therefiire, the entire action of| 
the radial force is to increase th 
cerUricUy of the lunar orbit, whtn Ikem 
S'ln is in line, or nearly in line, witk^ 
tlie longer axis. 

Thus, we perceive, that under the disturbing action of the 
mn, the eccentricity of the moon's orbit must be in a state 
of perpetual change, now more, now less, than its mean state. 

Corresponding with this change of eccentricity there must 
be changes in the lunar motion ; and to keep account of it, 
and allow for it, astronomers have formed a table cftUed 
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(184 ) Now let us examine the effect o 
n the position of the lunar apogee 

La E (Fig 40), be the earth, and, 
toi tho saXe of Bimplicitj wo conceive 
the Larth to be stationary, and the 
sun and moon both to re\olve about 
:t with their apparent angular veloci- 
titB, the moon in the orbit ,^ C B, 
lud III the diieotion A C B; the 
ftuti m a distant orbit, part of which 
!>* represented by S S'. 

Ltt j4 B be the greater asis of the 
moon s orbit, in its natural position, 
or as it would be if undisturbed by 
the sun; and being undisturbed, the 
perigee and apogee would remain eon- 
I slant at the points A and B; and the 
time from A to B, or from B to A. 
would be just eijual to the mean time 
of half a revolution, as esplained in 
a former part of this work. 
Now let us conceive tlie 
ill its orbit at S, then the 
he in the syzigy when it co 
>, and as the radial force at that point tends to i 
the distance between the earth and the moon, the apogee wil! 
take place at s, or between a and B; and it is evident that 
the apogee in that case would recede or run back. But at 
15 the next revoJution of the moon, in a Httle more than twenty- 
" seven days, the sun at that time will, apparently, have moved 
,g to S' about t wenty-seven degrees. Now the syzigy will take 
place at s ', and the greatest distance between the earth and 
moon will now bo between £ and «', that is, the apogee will 
advance, in one revolution, from near * to near *'; and thus, 
in genera!, the longer axis of the moon's orbit is strongly in- 
clined to follow the sun ; and this is the source of its pro- 
gressive motion. It makes a revolution in 3232^ days; 
but its motion is very irregular, for, as we have just seen, 
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ElIY- dinary capacity can understand it. provided ie gives hi* be- 

rioua attention to the subject. 
™"J I'he secular aceeJeration of the rcnoD's mean motion is 
o„. caused by a small change in the mean value of the radiai Jorce. 

occasioned by a change in the eccerUricity of the earth's orbU. 

The expression ^-j ia the mean radial force of the sun 

acting on the moon's orbit, dilating it and increasing the 

time of the lunar revolution. 

'" "" If the earth's orbit bad no eccentricity, 2a", the denomina- 

\s in- '"r of the fraction, would always have the same value, and 

ii. then regarding the vmmerator as constant, there would be no 

variation of the moon's motion arising from this cause. But 

in consequence of the earth and moon moving toward the 

apogee of the earth's orbit, a, of course, a" becomes 

greater, and the value of the radial force becomes less tlian 

its mean value, and in consoqnenee of this, the moon's • 

tion is increased. And when the earth and moon move ., 

•n Hi- irard the earth's perigee, a and a' become less, and the 

value of the radial force becomes greater than its mean ; the 

moon's orbit is dilated to excess, and its motion is diminished; 

• •■■ and the orbit is more dilated when the earth is in perigee than U 

L i"' ** ''"Kimcterf lehen the earth is in apogee. In other words, the 

ree [1 mean dilatation of the lunar orbit is greater, and the mean 

' '"" motion of the moon less, in proportion as the earth's orbit is 

more eccentric. 

The less the value of ^^ the greater is the moon's mean 

motion, and that value is least when a is greatest. But gi 
would have no variation of value if the earth's orbit were 

The earth's orbit, however, is eccentric, and in the course 
of a year the value of the radial force is exactly espressed 
. rS , 
Bj ^— only at two instants of time, when the earth parses 

the extremities of the shorter axis of its orbit. At ail 
other times a is either greater or less than its mean 
value, and the variations are equal on each side of it ; tba* 
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( beoomeB (a — d) or (a-\-d), and the radial force i 



2(a-d)' 2(a-H)>' 



which expressioDS correspond to equal distances on each Bide t*" 
of the mean distance, and d may have all values from to ,,-,1,8 
ae, the eccentricity. T^ meoM value of tlte radial force 'o"*- 
norrespondinff to the whole year, ie equal lo 



i\(,a- 



But this expreBSion is always greater thaa - — , except 



= th 



algebrMBt can verify, "^j'"' 



H tl m d 1 f f 1 whole year is greater 

tl tl 1 t m t d it will be least of "" 

11 wh th t h t h m 1 and then, and then ^j, 

Ij twllh urtly p tdhy^^-. 

B t wh th d 1 f 1 t th mean motion must 

birrtt dtltf Iss dlsas the eccentricity 

f th th h t h ml a d 1 , and corresponding 
thereto the moon's motion becomes greater and greater, as 
has been ike case for trwre than 4000 years. 

( 186. ) The mean distance between the earth and Bun re- 
mains constant. It must be so from the nature of motion, °j 
force, action, and reaction ; but by the attraction of the cii 
planets the eccentricity of the earth's orbit is in a state of per- *' 
petual cT^ftnge ; the change, however, is excessively slow. From 
the earliest ages the eccentricity of the orbit has been dimin- 
isliing; and this diminution will probably continue until it is 
annihilated altogether, and the orbit becomes a circle; after 
which it will open out in another direction, ag^n become ec- 
centric, and increase in eccentricity to a certun moderate 
amount, and then again decrease. 
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' ^""- '^ Tte period for these vihrotkms, '■ though calculable, iia* (wwi 

Tho ;= i«»i calculated further than to satisfy ua that it is not to ta 

"™'jpo*"° reckoned by hundreds or even bj thouaanda of years." It is a 

ding to thsjB period so long that the history of astronomy, and of the whole 

''^^'' human race, is but a point in coinpariflon. 

The moon's mean motion will continue to increase until the 

earth's orbit becomes a circle ; after which it will again decrease, 

corresponding with tjie increase of a new eccentricity. 

muottofihe ^ ^'^^' ^ ^°^ "'*' ^^^ **^ simplicity, we have thus far con- 

luDsr Dibit sidcred the moon's orbit to be in the same plane as the 

taken mio earth's orbit; hut this is not true; the mean inclination of the 

lunar orbit to the ecliptic is 5° 8', varying about 9' each way, 

according to the position of the sun. 

Owing to this inclination of the lunar orbit, the ezpressions 
which we have obtained for the tangental force need cor- 
rection, hy multiplj/inff them by the cosine of the mclitiatiiin ; 
and for the effect of the same forces in a perpendicular 
direction to the moon's longitude, multiply them by the dm 
of the inclimOioH of the orbit. 

The position of the moon's orbit, in relation to the sun, is 
strictly analogous to the ring in relation to the disturbing 
body D (Art. 176) ; the sun is constantly urging the moon 
into the plane of the ecliptic, which has a constant tendency 
to diminish the inclination of the lunar orbit ( except wheu 
the sun is in the positions of the moon's nodes) ; and this con- 
stant force urging the moon to the ecliptic, causes the moon'< 
nodes to retrograde. 

We conclude this chapter by a, brief summsry of the pria* 
cipal causes which affect the moon's motion. 
A iimuiit.-; \_ The eccentricity of the earth's orbit ; which gives rise lo 
Hw luiir ir- ''''^ annual equation of the moon in longitude. 
■t^uiiHi, 2. The eccentricity of the lunar orbit; producing the equa- 
tion of the center. 

3. The tangental force; giving rise to the equation called 
variation. 

4. The position of the sun in respect to the greater azii 
of the lunar orbit; giving rise to the inequality called evetlion 

5. The inclination of the moon's orbit. 
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6. The combination of the first cause, when differing from ch**, 
ts mean state, augmeuta or diminishes the result of e^ery 
)ther — thus malcitig many additioniit small equatious 

7. The ellipsoidal furm of the earth. 



OHAPTEE V, 



( 1S8. ) Teb alternate rise and fall of the aurtate of the Omu. ». 
sea, as observed at alt places directly connected with the utfiniuoo 
waters of the ocean, is called tide ; and before its cause was "'' "" """ 
definitely known, it was recognized as liaving sume hidden and 
myalerwus connection mtk the moon, for it rose and fell twice Conneciio. 
in every lunar day. High water and low wafer had no run- " "" 

nection with the hour of the day, but it always occurred iti 
about such an interval of time after the moon had passed the 

When the sun and moon were in conjunction, or in oppisi- H^hiu.. 
tion, the tides weru observed to be higher than usual. 

When the moon was nearest the earth, in her perigee, otlier 
circumstances being equal, the tides were observed to he 
higher than when, under the same circumstances, the moon 
was in her apogee. 

The space of time from one tide to another, or from 
high water to high wafer ( when undisturbed by wind ), is 
12 hours and about ^4 minutes, thus maltins; two tides in one 
lunar day; showing high water on opposite sides of the earth 
at the same time. 

The declination of the moon, also, has a very sensible influ- T:d«> «i 
euce on the tides. When the declination is high in the north, *""'' ^l "" 
the tide in the northern hemisphere, which is nest to tlie moon, of Uie m«m. 
is greater than the opposite tide; and when the declination of 
the moon is south, the tide opposite to the moon is greatest. AdiWonitj 

It is considered mysterious, by most persons, that the moon ' l^pe^i^l] 
by its attraction should he able to raise a tide on the oppofiife '««■<««. 
side of the earth. 
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Tiiat the moon should attract the water on the side of tba 
earth nest to her, and thereby raise a tide, seems rational asd 
natural, but that the same simple action also raises the oppo- 
site tide, is not readily admitted; and, in the absence of clear 
illustration, it haa often excited mental rebellion — and not a 
few popular lecturers have attempted esplauationa from false 
and inadequate causes, 
s But the true cause is the sun and moon's attraction ; and 
until this is clearly and decidedly 
^^ understood — not merely assented 

to, but fully comprehended — it is 
impossible to understand the com- 
n results of tlie theory of gra- 
I vity, whioh arc constantly esem- 
I plified in the solar system. 

We now give a rude, hut strik- 
ing, and, we hope, a satisfactory 
jxplanation. 
Conceive the frame-work of the 
I earth to be an inflexible solid, as it 
I really is, composed of rock, and in- 
I capable of changing its form under 
an decree of attraction ; conceivs 
a t that th solid protuberates 
ut of the sea t opposite points of 
I tht, earth at i and £, as repre- 
I sent d n Fig 41, A being on tlic 
B d ot the earth next to the moun, 
I m and B opposite to it. Now it. 
eet on w h this solid eon- 
re a great f jrtion of the earth 
I to be con posed of water, whoso 
I Tirti le are inert, but readily 



nfe 



tl emselvcP 



pa d und r the moon's attrau- 
le masi moves together, in virtu" 
• Ui ettte T grawty. But the 
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more powerful attraction than the solid, rise U.narA A, pro- c^ 
ducing a tide. 

The particilea of water at b heing lens attracted toward m 
than the solid, will not move toward m as fast as the 
tolid, and being inert, they will be, as it were, left behind. 
The Bolid ia drawn toward the moon more powcrfnllj ttan the 
particles of water at />, and sinks in part into the water, but 
the observer at £, of course, conceives it the water rising up 
on the shore (which in effect it is), thereby producing a 

{ 189. ) The mathematical astronomer perceives a strict Ai 
analogy between the analytical expressions for the tides and ^'J^ ^ 
tlie esprespions for the perturbations of the lunar motion. baiion 

What we have called the radial fwce. in treating of the '^J^^ 
lunar irregularities, is the same in iin nir/iire as the force that ocesn 
raises the tides ; the tide force is a radial force, which dimi- 
nishes the pressure of the water toward the center of the 
earth under and opposite to the moon, in the same manner as 
tlie radial force diminishes the gravity of the moon toward 
the earth in her syzigies. 

In Art. 179 we found that the radial force for the moon, at tiic 

•2rS . . """ 

the syai^es, is expressed by —^ ', 'n which expression S is p"' "i 

the mass of the sun, a its distance from the earth, and r the 
radius of the lunar orbit. 

The same expression IB true for the tides, if we change 5^ to , •'" 
m, the mass of the moon, and conceive a to represent the dis- p,a„f 
lance to the moon, and r the radius of the er.rth. For the ""*' 

tides, then, we have — , , and as the numerator is always con- 
stant, the variation of the tides must correspond to the cube 
of the inverse distance to the moon. 

( 190.) The sun's attraction on tlie earth is vastly greater ^^J^, 
than tl at of the m o b t by reason of the great distance Mtr 
to the SI tl at b dy attracts every part of the earth nearly 
alike and therefore it 1 as uch leas influence in raising a 
t i th the moon 
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'"'- ^' - From a, long course of observations made at Brest, iji 

inatiot.i J'rancc, it has been decided that the medium high tides, 
when the sun and moon act together in the Bjzigios, if 
19.317 feet; and when they act against each other (the 
moon in quadrature ). the tides are only 9.151 feet. Hence 

°^g"^ the efficacy of the moon, in producing the tides, is to that 

f'LTuB of the sun, as the number 14.23 to 5.08. 

moon Among the islands in the Pacific ocean, observations give 

the proportion of ft to 2.2, for the relative influences of these 
two bodies ; and, as this locality is more favorable to accu- 
racy than that of Brest, it is the proportion generally taken. 
Having the relative inftuenccs of two bodies in raising the 
tides, we have the relative masses of those two bodies, pro- 
vided they are at the same distance. But by the expression 
for the tides, as we have just seen, the variation for distance 
corresponds with the inverse mbe of the distance, and the dis- 
tance to the sun is 397.2 times the mean distance to the 
moon. Hence, to have the influence of the moon on the 
tides, when that body is removed to the distance of the sun, 
we must divide its observed influcDce by the cube of 397,2. 

""eom- '^''** '^' *^^ ™^^^ "^ *'^^ moon is, to the mass of the aun, as 

I, '^ 

the n 

In all preceding computations we have called the mass of 
the earth tmi^, and in relation thereto, the mass of the sun is 
354945 { Art. 169 ). Let us represent the mass of the moon 
by m, then we have the following proportion : 

„: 3.54945,, j^, 2,2. 

This proportion makes the mass of the moon a little less than 

7,\ ; hut I have little confidence in the accuraey of the result, 

as the data, from their very nature, must be vague and ir. 

definite. 

"''""• ( 191-) The time of high water at any given point is not 

liffere't ooramoniy at the time the moon is on the meridian, but twc 

iiiTereni or three hours after, owing to the inertia of the water ; and 

•'■ places, not far from each other, have high water at very dif- 
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ferent t.imeB on the same day, according to the dUtJinee and Chi^t 
direction that the tide wave has to undulate from the main 
ocean. 

The interval between the meridian passage of the moon 
and the time of high water, is nearly constant at the same 
place. It is about fifteen minutes less at the syzigics than 
at the quadratures; hut whatever the mean interval is at 
any place, it is called the esfablhhmetU qf the port. 

It is high water at Hudson, on the Hudson river, before ^ ^'__"j''" 
it is high water at New York, on the same day; hut the tide ,ian,ijc»M. 
wave that makes high water one day at Hudson, made high on ihe Ttmo- 
water at New York the day before ; and the tide waves that ll^,l,_ 
make high water now, were, probably, raised in the ocean 
several days ago ; and the tides would not instantly cease on 
f-i annihilation of the sun and moon. 

The actual rise of the tide is very different in different Tide! -tn 
places, being greatly influenced by local circumstances, such ^^ ^^ j^,,^ 
as the distance and direction to the main ocean, the shape circnm- 
of tho bay or river, &.C., &c. 

In the Bay of Fundy the tide Is sometimes fifty and sixty 
feet ; in the Pacific ocean it is about two feet ; and in some 
places in the West Indies, it is scarcely fifteen inches. In 
inland seas and lakes there are no tides, because the moon's 
attraction is equal over their whole extent of surface. 

The following table =hows the bight of the tides at the 
most important points along the coast of the United States, 
as ascertained by recent observation. 

Annapolis (Bay of Fundy), 60 

Apple River, 50 

Chloneito Bay (nortli pa.l of the Bay of Fundy) 60 

FaaBamaquodtly River, 25 

PenobBCOt River 1" 

Boston, " 

Providence, R. I., * 

Nen- Bedford 6 

New Haven, ^ 

New York, * 

Cape May. 6 

Cape Henry *^ 
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CHAPTER VI, 

PLANETARY PERTUBBATI0K8 

"""'• '''• ( 192.) The perturbations of a planet, produced by the at- 
tniT'^C^r *''"*''*>"^ °^ another planot, are precisely analogous to the per- 
ptnarin- torbations of the moon, produced by the aetiun of the sun. 
lioBi anaio- Tho diaturbing forces are of the same kind, and they are 
*"'■ subject to similar variations from precisely the same eanses. 

But tho amount of the disturbances is, in most cases, very 
trifling, on account of the small ma«s of the disturbing planet 
compared with the mass of the sun, or its great distance from 
ihe body disturbed. 
n.Mtton'"'' -^^ **^*ion and reaction are everywhere equal, the planets 
oMgtiMpian- mutually disturb each other, and if one is accelerated in its 
•I. ractpio- motion, the other must be retarded ; if the tendency of one to- 
ward the sun is diminished, that of the other must be increased. 
Examine Fig. 23, and conceive V, Venus, to be disturbed 
by the attraction of the earth at £, and if the motion of the 
planets is in the direction of VB, it is perfectly clear that 
Venus will be accelerated by the earth, and tho earth will be 
retarded by Venus. 
(iMpianei jjut Venus will be more acce.ira<ed in its motion thaii the 
Ml while"!, earth will be retarded, for the disturbance at this point is in 
oiiiw i> 10. a liue with the motion of Venus, and not in a line with tho 
motion of the earth, 
MTioii a,m After Venus passce conjunction, that is, passes the varying 
diaiiEei. ''"^ ^ ^- ^e*" "lotion becomes retar led, and the earth's is ac- 
celerLited ; but every motion of the earth we ascribe to the gun ; 
and in all modem solar tobies, the corrections of the sun's 
wiut ii '""Situ^e corresponding to the action of Vmvus, Mar^, Ju- 
mtM^ to. P^^' ^- ""»«, &Ct aro simply tho effect that these bodies 
br iwrtuiba. have on the motion of the earth. 

The direct effect of any of these bodies on the position of 
the sun is absolutely insensible. 

The relative disturbances of two planets are reciprocal to 
their masses; for if one is double in maw of another. th« 
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greater mass will move but half as far as the smaller, under chip^I. 
their mutual action. But when the amount of disturbance is ^^ ,^^1^ 
referred to angular motion for its measure, regard must be ,.^iiriti>i 
had to the distances of each planet from the sun ; for the '^^^^^^ "^ 
Barae distance on a larger orbit corresponds to a less angle.* pUnetaTj 
Also, the whole amount of the disturbing force of a superior disniTbiine. 
planet on an inferior will, at times, be a tangental force ^J'J"„"''' 
( Fig. 23 ) ; but the reaction of the inferior planet on the su- 
perior can n^ver be in a tangent directly with, or opposed to, 
the motion of the superior. 

K observations can give the mutual disturbance of any two 
planets, then these circumatanees being taken into considera- 
tion, an easy computation will give the relative masses of the 
planets. 

( 193.) As a general result, the attraction of a superior The gene 
planet on an inferior, is to increase the time of revolution of ^^"^\|^ 
h f d to maintain it at a greater distance from the ^^, of „> 

h w Id otherwise have. The action of the inferior oimion. 

dm h the time of revolution of the superior ; and 
h I ff ct w ffreater than it would be, if the inferior 

p] w nstantly situated at the distance of the Bon. 

( Art. 1^5.) 

As an illustration of this truth, we say, that if Venus were 
annihilated, the length of our year, and the times of revolu- 
tion of all its superior planets, would be a little increased, and 
the revolution of Mercury, its inferior planet, would he a lit- 
tle diminished. If Jupiter were annihilated, the times of re- 
volution of all its inferior planets would be a little diminished ; 
for it acts as a radial force to keep them all a little farther 
from the sun. 

(194.) If the orbits of all the planets were circular, the ii'«q'"'ii'i 
aeecleration in one part of an orbit would he exactly compen- 2^^^°' 

• Geometry demonslrates, that, on tlie average of each revolution, 
•ha proportion in which this reaction will affect the longitmiea of the 
two planets, is that of their masses multiplied by the aqiiare roots of 
the major axes of their orbits, inversely! and this result of a very io- 
triwta and curious calculation is fully confinoed by obBervatioD— 
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ca*i-.jl. aatpd by thi; retardation in another; and in the eonree of a 
whule revolution, the mean motions of both ])Ianets (the dis- 
turber and the disturbed^ would be restored, and the errors 
in longitude would destroy each other. But the orbits are 
not circles, and it is only in oertsin very rare oeeurrenees 
that symmetry on each side of the line of conjunctions takes 
Un^TiBi P'""**' ^""^ *'^"''^' '" " sicigle revolution the acceleration of 
d. of in*. ""0 part cannot be exactly counterbalanced by the retarda- 
uahtiBs 6g. tion of the other; and, therefore, there is commonly left a eer- 
omnaciion. ^"■'^^ outstanding error, which inereaees during every sjnodi- 
1 ihe iBine cal revolution of the two planets, until the conjunctions take 
r'j.* * P'^°^ '"^ opposite parts of the orbits, then it attains its maxi- 
raum, which is as gradually frittered away as the line of eon- 
junctions works round to the same point as at first. 
Some of Jlerwe, beheem every two diiturbing planets there U a common 
■miiusi IDS "'eyw/ify depending on their mutual cmjunctlma. in the same, 
nnuio w t» or nearly in Ike same, parts of their orlnts. But it would be 
folly to compute the inequalities for evm/ two planets, by rea- 
son of the extreme minuteness of the amounts; for instance. 
Mercury is not sensibly disturbed by Saturn or Uranus; and 
Mara, and Mercury, and Uranus, practicallj speaking, do not 
disturb each other, but Jupiter and Saturn have very con- 
siderable mutual perturbations, on account of their orbits be- 
ing near each other, and both bodies far away from the sun. 
Ti,o .ifHt ( 195 ) Again, if the revolutions of two planets are ex- 
jiaio nvo. **"y commensurate with each other, or, what is the same 
.tiDiis fih. thing, the mean motion of both exactly commensurate with 
the circle, then the conjunctions of those two planets will al- 
ways occur at the same points of the orbits ( juKt as the con- 
junctions of the two hands of a clock always occur at the 
same points on the dial plate), and, in that case, the conjunc- 
tions wiJl not revolve and distribute themselves around the 
orbits, BO that in time, the radial and tangental forces will 
have an opportunity to accelerate on one side of the line of 
conjunctions as much as they retard on the other; and, 
tlierefore, a permanent derangement would then take place. 
M^^niM- ■^'"" '"^'"'"'e, if three times the mean angular motion of 
.lion. one planet were esactlj equal tc twice the mean angular roo- 
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don of another, then three revolutions of the one would ex- cm>. i 
actly correspond to two of the other, and every second con- 
junction of the two would take place in the same points of 
the orbits; and the orhits, not being circular, the portions of 
them on each side of the line of conjunctions cannot be Bjin- 
metrical, unless the longer ases of the two orbits are in tlic 
same line, and the eonjunctions also taking place on that line. 

Here, then, is a case showing that tbo disturbing force 
may constantly differ in amourd on each side of the line of 
conjunctions, and, of course, could never compensate each 
other, and a permanent derangement of these two planeta 
would be the result. 

Hence, we pereeive, that, to preserve the solar system, it gubiui; 
is necessary that the orbits should be rarcles, or their times '•"*'" 
of revolution xncomrntr^uriMe ; but we do not pretend to say 
that the converse of this is true ; we do say, however, that no 
natuTiil cause of destruction has thus far been found. 

( 196.) The times of the planetary revolutions are incam.- 
mmsurahle; but, nevertheless, there are instances that ap- 
proach eommensurabilit.y, and, in consequence, approach a 
derangement in motion, which, when followed out, produce 
very long periods of inequality, called leeidar variation. The 
moat remarkable of these, and one vihkk vert/ muck perplexed 
the astronomers of tfie last cmlury. is known by the term of 
" the grtoi inequality " of Jupiter and Saturn. 

'■It had long been remarked by astronomers that, on com- Th. s 
paring together ancient with modern observations of Jupiter Jif""" ''„', 
and Saturn, their mean motions could not be uniform. ' The aa satD 
period of Saturn appeared to have been increased throughout 
the whole of the seventeenth century, and that of Jupiter 
shortened. Saturn was constantly lagging behind its calcu- 
lated place, and Jupiter was as constantly in advance of hi». 
On the other hand, In the dffhteetUk eentuty, a process pre* 
eisely the reverse was going on. 

The amount of retardations and accelerations, corresponding '^« 
to one, two, or three revolutions were not very great; but, as J^*^^ ^ 
they went on accumulating, material differences, at length, Hptwa 
existed between the observed and calculated places of both 
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Chxp. VI. theae planets; and, as suoh differences could not then be ac 
counted fur, they eidted a high degree of attention, and 
funned the subject of prize prclilcms of several philosciphica! 
societieB. 
Lapisct Fiir a long time these astovushing facts baffled every en- 
"" ' ' <'''*""" *" aceount for them, and some were on the point of 
declaring the doctrine of imiveraal gravity overthrown; hut, 
at length, the immortal LajJace came forward, and showed 
the cause oi these discrepdiicies to be in the near eommensu- 
rability of the mean motiims of Jupiter and Saturn, which 
cause wc now endeavor tu bring to the mind of the reader in 
a clear and emphatic manner 

1 197.1 The orbits of both Jupiter and Saturn are ellipti- 
cal, and their perihelion points have different longitudes, and, 
therefore, their different points of conjunction arc at different 
distances from each other, and no line * of conjunetion cuts the 
two orbits into two equal ur symmetrical parts ; hence, tLe 
inequalities of a single synodical revolution will not destroy 
each other; and, to bring about an equality of perturbations, 
requires a certain period or succession of conjunctions, as we 
are about to es plain 
Tht reio- Fivc revolutions of Jupiter require 21G63 daja, and two 
ii'™' ds °^ Saturn, 21518 days. So that, in a period of two revolu- 
lutn jompu- tions of Saturn (about sixty of our years), after any conjunc- 
"'• tion of these two planets, they will be in conjunction again not 

many degrees from where the former took place, 
Thoinjno. To determine definitely where the third mean conjunction 
iioi wToio- ^j[[ ja^]jQ place, we compute the synodical revolution nf these 
iTin«a. tivo planets by dividing the circumference of the circle in sec- 
onds (1:296000) by the difference of the mean daily motion 
of the planets in seconds (178".C),t and the quotient is 7253.4 
days; three times this period is 21760 days. In this period 
Jupiter performs five revolutions and 8° 6' over; Saturn 
makes two revolutions and 8° 6' over; showing that the lin* 

* Liiie of conjunction, an imofpnary [Ins drawn from the sun 
IhTonEli the two planets when in conjunction. 
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of conjun(,tion advances 8° 6' In lon^tude during the period ' 
ff 21760 days. 

In the year 1800, the longitude of Jupiter's perihelion point 
was 11° 8', and that of Saturn 89° 9'; the inclination of the 
greater axis of the orbits, therefore, was 78° 1'. 
Fig- 43 




Let AB (Fig. 42) r.^ 
jrbit, and a b that of Jupiter ; the two a 
of 78°.* 

Suppose any conjunction to take place in any part of the 
orbits, as at JS (the line JS we call the line of conjunc- i 
tion) ; in 7253.4 days afterward another conjunction will take J^ 
place.' in this interval, however, Saturn will describe about 
243° in its orbit, at a mean rate, and Jupiter will describe one 
revolution and about 243° over, and it will take place as re- 
presented in the figure, ^\.PQ{STB being the Erection of 
the motion). The nest conjunction will be 243° from PQ, or 
at BT. From KT the nest conjunction will be at »i, 8° 6' 
ill advance of J S, and thus the conjunction JS ( so to speak) 
will gradually advance along on the orbit from 5 to T. 

But, as we perceive, by inspecting the figure, there is a 



• We have Very much e^ggerated the eocerlrlcitie 
M.5. for the purpose of magnifyliiE the jirinciple under 
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"""- ^' certain portion of the orbits, between S and T, where the tw« 
Ceruin planets would come nearer together in their conjunction, than 
^ng ihl'p". *''^y ^'^ ^^ conjunctions generally, and, of course, while anv 
BMi neater oue of the three conjunctions is passing through that portion 
m^t'^ihB/" °^ *''* orbits — Jupiter disturbs Saturn, and Saturn reacts on 
Jupiter more powerfully than at other conjunctions ; and this 
is the cause of " t/ie greal inequality of Jupiter arid Saturn." 
rhepeiiodgf (198.) To obtain the period of this inequahty, we eom- 
iWe iDs' P"^'' '^^ ''""^ requisite for one of these lines of conjunction 
iii.:ity com. to make a third of a revolution, that is, divide 120° by 8° 6', 
^Twrap^ ^°^ "® ^''^" ^'"* " ^l^otient of 14fa, showing the period to be 
lion oonfiim. 14|| times 21760 days, or nearly 883 years: which would be 
ti by a\i%B,- j[(g actual period, provided the elements of the orbits re- 
mained unchanged during that time. But in so long a period 
the relative position of the perigee points will undergo con- 
siderable variation ; which causes the period to lengthen to 
about 918 years. 

The masinium amount 

of this inequality, for 

the longitude of Saturn, 

is 49', and for Jupiter 

21', always opposite in 

effect, on the principle of 

action and reaction. 

(199.) The last great 

:hievement of the pow- 

s of mind in the solar 

system, was the discovery 

of the new planet 2f^- 

\tune, by Lcverrier and 

Adams analyzing the in- 

^^^^^^^___^_^_^^^^^^^^^ i]uaiities of tlie motion 

of Uranus. To give a rude explaration of the possibility of 

this problem, we present Figure 43. Let S be the sun, and 

the regular curve the orbit of Uranus, as corresponding to all 

perturbations; but at a it departs from its computed 

nd runs out in the protuberance acb. This indicated 

ne attracting body must be somewhere in the direction 




that a 
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S P, although no such body was ever seen or known to exist. ''"*'• ^ 
The iieKt time the planet comes round into the same portions 
of ita orbit,* suppose the center of the protuberance to have 
changed to the line S Q. This would indicate that the un- ^°^°''' 
known and unseen body was now in the line S Q, and that aooid bt 
since the former observations it had changed positions by the '^°^°J" "^ 
angle PSQ; and, by this angle, and the time of its descrip- „ „„„„ 
tion, something like a gmsi could be made of the time of its ?>•■"■ 
revolution. 

With the approximate time of revolution, and the help of 
Kepler's thud law, ita corresponding distance from the sun 
can be known. With the distance of the unseen body, and 
the amount that Uranus is drawn from its orbit by it, we can 
approximate to ita mass. 

Thus, we perceive, that it ia possible to know much about 
an existing placet, although so distant as never to be seen. 
Bat the body that disturbed the motion of Uranus has been 
leen, and is called Xeplwte. 



CHAPTER VII. 

ABEHEiTION, NUTATION, AND paBOBSBlON OF TUB EQUINOXES. 

(■200.) Abodt the year 1725 Dr. Bradley, of the Green- ^ 

wich observatory, commenced a ^ery rigid course of observa- |^^,^ '^i,,^ 
tions on the fixed stars, with the hope of deteeting their vaiiom ai 
parallax. These observations disclosed the fact, that all the ^^^ *° ^^^ 
stars which come to the upper meridian near midnight, have paqxiw of 
anincrease uf longitude of about 20"; while those opposite, "■^'''s """ 
near the meridian of the aun. have a decrease of longitude of une.p.t*. 
20"; thus making an annual displacement of 40". These "•ui"- 
observations were continued for several years, and found to 
be the same at the same time each year ; and, what was moat 

lvHDtD[!e of a compttte nvolo- 
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Cmtr TO, perplesing. the results were di^jotly oppoMte from such a* 
would arise from parallax. 

These facts were thrown to the world aa a problem demand- 
ing solution, and, for some time, it baffled all attempts at ex- 
planation; but it finally ocourrod to the mind of the Doctor, 
that it might be an effect produced by the progressive motion 
of light combined with the motion of the earth ; and, on strict 
m, this was found to be a satisfactory solution. 
fix- "■ ( 201.) A person stand- 

ing still in a rain shower, 
when the rain falls perpen- 
dicularly, the drops will 
strike directly on the top 
uf his head; but if he 
starts and runs in amy di- 
rectum, the drops will strike 
him in the face; and the 
effect would be the same, 
in relation to the direction 
of the drops, as if the per- 
son stood still and the rain 
came inclined from the di- 
rection he ran. 

This 13 a full illustration 
of the principle of these 
changes in the positions 
of the stars, which is called 
(Aerra&on; but the follow- 
ing explanation is more 
appropriate. 

Conceive the rayg of 
light to be of a material 
substance, and its particles 
progressive, passing from 
the 8tar 5 {Pig. 44) to the earth at P.; passing directly 
through the teleseope, while the telescope itself moves from 
-4 to 5 by the motion of the earth. And if i)£ is the mo- 
tion of light, and A Ji the motion of the earth, then the tele- 
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»copB luuBt be inclined in the direction of A D, to receive the ' 
tight of the star, and the apparent place of the star would be 
at S; and its true place at S and the angle4»i5is20".3t), at 
its masimum, ualled the angle of aberration. 

By the known motion of the earth in its irbit, we have the 
value of ^B corresponding to one second of time: we have 
the angle ADS by observation: the angle at /I is a right 
angle, and ( from these data ) LOniputiiig the side BJ) we 
have the velocity of light ccnespondinj; to one second of 
time. To make the computdtion we have 

DB-.BAi.Rad (an ^i) 36.* 

But £ -d, the distance « I iLh the earth moves in ita urhit 




•To obtain tlie k 
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II. in line second of time, is witliin a very small fraction of IB 
miles; the logarithm of the distance is l.'27&802, and, from 
this, we find that B J) must be 192000 miles, the velocity of 
light in a second ; a result very nearly the same as before 
deduced from observations on the eclipses of Jupiter's moons 
{Art 14i{.) 

The agreement of these two methods, bo disconneetcd and 
BO widely different, in disclosing sucli a far-hidden and re- 
markable truth, is a striking illustration of the power of 
science, acid the order, harmony, and eiiblimity that pervades 
the universe, 
■e- To show the effects of aberration on the whole starry 
"^ Leavens, we give figure 45. Conceive the earth to be 
a- m'lving in its orbit from A to B. The stars in the line AB, 
whether at or lf<U, are not affected by aberration. The 
stars, at right angles to the line A B, are most affected by 
aberration, and it is obvious that the general effect of aberra- 
tion is to give the stars an apparent inclination to that part 
of the heavens, toward which the earth is moving Thus 
the star at itO has its longitude increased, and the star op- 
posite to it, at 270, has its longitude decreased, by the effect 
of aberration; both being thrown mure toward IbO The ef- 
fect on each "tar is 20" .36 But when the earth is in the 
opposite part of its orbit, and moving the other way. from C 
to D, then the star at 90 is apparently thrown nearer to ; 
60 also is the star at 270, and the whole annual variation 
of eai'h star, in respect to longitude, is 40". 72, 
" ( 202, ) The supposition of the earth's annual motion fully 
„ explains aberration; conversely, then, the observed variations 
of the stars, called aberration, are decided jrroofo of the earth' t 
artnual motion. 

In consequence of aberration, each star appears to describe 
a small ellipse in the heavens, whose serai-major axis is 20".36, 
and semi-minor axis is 20".36 multiplied by the sine of the 
latitude of the star. The true place of the star is the center 
of the ellipse. If the star is on the ecliptic, the ellipse, just 
mentioned, becomes a straight line of 40". 72 in length 

If the star is at either pole of the ecliptic, the ellipse be- 
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comes a circle of 40' .72 in diameter, in reapect to a great Cha^th 
circle; but a circle, howe^'er small, aronnd the pole, will in- 
clude all degrees of longitude; hence it is posaihle for stars 
very near either pole of the ecliptic, to change longitude 
very conaiderahly, each year, hy the effect of aberration ; but 
no star is sufScientlj near the pole to cause an apparent revo- 
lution round the pole by aberration ; and the same is true in 
relation to the pole of the celestial equator. 

All time ellipses have tlidr Itmgtr axespandld to the ecH2>lic, 
and for this reason it is easy to compute the aberration of a 
star in latitude and longitude,* but it is a far more complex 
problem to compute the effects in respect to right ascension 
and declination. 

( 203. ) The aberration of the sun varies but a very little, Afc*"""" 
because the distance to the sun varies but little, and without 
material ewor, it may be always taken at 20"M, subtractive. 
The apparent place of the sun is always behind its true place 
by the whole amount of aberration ; but the solar tables give 
its apparent place, which is the position generally wanted. 

In computing the effect of aberration on a planet, regard 
must be had to the apparent motion of the pJanet while light 
is passing from it ta the earth. 

The effects of aberration on the moon are too small to be Tii* «»> 
noticed, as light passes that distance in about one second of ■"' ^^* 
time. tiQn. 

( 204. ) While Dr. Bradley was continuing his observa- oiher in*. 
(ions to verify his theory of aberration, he observed other ^"°"^^^ ^ 
■mall variations, in the latitudes and declinations of the stars, Biaditj. 
that eould not be accounted for on the principle of ab- 
erration. 

The period of these variations was observed to be about 



. , — 20".86cos.(S— ») 
*Aber. :n Lon. = ^^ ; 

Aber. in Lat. = 20".36sin. (S— «) sin. /. 
In these expressions S represents the longitude of the inn, 
f the longitude of the star, and I its latitude. 
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I tlie same *s the revolutinn of the raoon's node, end the 
aiiinunt of the variation correBponduil with particular situa- 
tions of the node; and, in shoit, it was soon discovered that 
tile cause of these variations was a sliglit vibration in the 
earth's axis, caused by tiie action and reji/tinn of the sun and 
moon on the protuberant mass of matter about the equa- 
tor, wliiub gives the eartli its spbijiuidiil form, and the effect 
itself is called Nutation 




Nn,„i,c , -jos.j We have shuwn, 
«dbyiheih« "^f ^ bodj, fa, on a ring of matter around a sphere, has the 
Kj «f (Twi- effect of making the plane of the ring incline toward the at- 
'^* traoting body. 

Let B C, Fig. 46, represent the plane of the ecliptic ; and 
e the protuberant mass of matter, around the equator, 
e represented by a ring, as in the figure Iiet m be tbt 
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moon at its greatest declination, and, of course, witliout the Cwtf. 
pkne of the ring. 

Let P be the polar star. The attraction of m on tlie ring 
ineliaes it to the moon, and causes it to have a slight motion 
on its center ; but the motion of tliis ring is the motion of the 
whole eartli, which must cause the earth's axis to change its 
position ill relation to the star P, and in relation to all the 

When the moon is on the other aide of the ring, that ts, 
opposite in declination, (he effect is to incline the equator to 
the opposite direction, which must be, and is, indicated by an 
apparent motion of all the stars. 

A slight alternate motion of all the stars in declination, cor- 
responding U> the declinations of the son and moon, was eare- 
fiJly noted by Dr. Bradley, and since his time has been fully 
verified and definitely settled; this vibratory motion ib 
known by the nime of nutation, and it is fully and satisfae- 
tnrily esplained tn the principles of universal gravity; and 
conversel\ thi,se minute and delicate facts, so accurately and 
completely eonfcrming t the theory of gravity, served as one 
of the many strong pointB of evidence to establish the truth 
of that theory 

( 20G ) Bj inspecting Fig. 46, it will be perceived that ''"'" 
when tVe sun ind morn have their greatest northern declina- „m„,|, 
tions, all thi, stars n rth of the equator and in the same htmi- instrai 
sphere as these bodies will incline toward the equator; or all '^■'" 
the stars m that hemisphere wiH incline southward, and those 
ill the opposite hemisphere will incline northward ; the amount 
of vibration of the axis of the earth is only 9". 6 ( as is shown 
by the motion of the stars), and its period is 1^.6, or about 
nineteen years, the time corresponding to the revolution of 
the moon's node. When the moon is in the plane of the 
equator, its attraction can have no influence in changing the 
position of that plane; and it is evident that the greatest ef- ^^ 
feet must be when the declination is greatest, nod*i 

The moon's declination is greatest when the longitude of ">"" 
the moon's ascending node is 0, or at the first point of Aries. ^,^„ 
The ^eafi'St dclination is then 1>° on each side of the >;'"'" 
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•P. VII. equator; but wlien the descending node ia in the same poinii 
the moon's greatest declination is only 18°. Hence there will 
he times, a succession of years, when the moon's action on the 
protuierarU nuOter about the equator must he greater than in 
an opposite succession of jears, when the node is in an oppo- 
site position. Hence, the amount of lunar nutation depends 
on the position of the moon's nodes, 
othiyin- jt jg ^gj.j natural to suppose that the period of lunar nuta- 
,1 ' tion would he simply the time of the revolution of the moon ; 
and so, in fact, ii is ; but the corresponding amount is verj 
small, onli/ about one-tenik of a teeotid. This is because half 
a lunar revolution, about 13i days, while the moon is on one 
side of the equator, ia not a sufficient length of time for the 
moon to effect much more than to overcome the inertia of the 
earth ; hut. in the space of nine years, effecting a little more 
than a mean result at every revolution, the amount can rise to 
9". 6, a perceptible and measurable quantity, 
le mean ( 207.) The mean course of the moon is along the ecliptic : 
n' on 'he '^^ TSfiation from that line is only about five degrees on each 
.of mat. side; hence, the merfiMro effect of the moon on the protuberant 
aronnj mass of matter at the equator i^ the same as though the 
moon was all the while in the ecliptic. But, in that case, its 
effect would be the same at every revolution of the moon ; 
and the earth's equator and axis would then have an equili- 
brium of ^3 lion, and there would be no nulaiion, save the 
slight monthly nutation just mentioned, which is too small to 
be sensible to observation ; and the nutation that we observe, 
is only an inegualit;/ of the moon's attraction on the protube- 
rant (.quatonal ring, and however great that attraction might 
be it wjuld cause no vibration m the j Dsition of the earth 
if It weie (.onstantly the same 
lai nu We have thus far made part icuhr mention of the moon 
but there is also a solar nuMion its period is tf course a 
year and it is very trifl ng in amount because the sun at 
tracts all parts jf the earth nearly alike , and the abort 
period of one jear rr half a \ear (whioh is the time th it the 
anequal attraction tends to change the plane of the ring in 
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one direction), is too short a time to have any great e£fect on ""^^ ™ 
the inertia of tbe earth. 

The solar autation, in respect to declination, is otiIt/ one 
tecond. 

( 20S.) Hitherto we have considered only one effoot of nu- 
tatiun— that which changes the pmlion of the plane of tlie 
equator— or, what is the bame thing, that which changes the 
position of the earth's asjs; but theie la another effect, of 
greater magnitude, earlier discovered, and better known, re- 
sulting from the same physieal cause, wc mean the 

PBKCBSSION OF THE EQUINOXES. 

We again return to first principles, and consider the mn- .^^'^"^ 
tual attraction between a ring of matter and a body situated ",7„'j„a_ 
out of the plane cf the ring; the effect, as we have several 
times shown, is to incline the ring to the body, or (nhich is 
the same in respect to relative positions), the body inclines 
to run to the plane of the ring. 

The mean attiattion of the moon i« .n the plane uf the ^'^^^^'^^ 
ecliptic. The sun it. all the while in the ecliptic. Hence, the a,, ,„„ ^^ 
mean attraction of both sui, and moon is in one plane, the ^J" =«J° 
ecliptic ; bat the equator, considered as a ring of matter sur- ^^^ ,^;.p^„ 
rounding a sphere, is inclined to the plane of the ecliptic by 
an angle of 23J degrees, and hence the sun and moon have a 
constant tendency to draw the equator to the echptic, and 
aotuaUy do draw it to that plane; and the visible effect is, 
to make both sun and moon, in revolutions, cross the equator 
sooner than (hey otherwise would, and thus the equin..x falls 
back on the ecliptic, called the precession of tlie equinoKea. 

The annual mean precesyon of the equinoxes is 50".l of ^|^^'J|;.'';j; 
art' as is shown hj the sun coming into the equinos, or .^niooM. 
crossing the cqnator at a point 50".l before it makes a revo- 
lution in respect to the stars. 

Perhaps it is clearer to the mind to sa\, that the sun is ^^^^'°"'^_ 
drawn to the equator by the protuberant mass of matter p„„,„, 
around the earth, and. in consequence, arrives at the equator, 
in its apparent revolutions, sooner than it otherwise would. 
But the trnth is, that the ecliptic is stationary in pcaition, 
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^ a d tie eciiiat by a si t,ht motion meets the ecliptic, w! ill 

n n IS ca se 1 by the attractions of tbo sun and moon an 
has bee se e al cs ex[ lained. 
^ If I e n n w 11 1 e ivhilo in tlie ediittio the preces 

: of iho sioa of the equinoxes would tben be a coj itanttyjl uinj yiwn 

,"„'"p" "f %> equal to 50".I for each year; but for a ouccession of 
about nine years, the moon runs out to a greater dechnat n 
than the ecliptic, and, during that time it^. action on the 
equatorial matter is greater than the mean iction aiiJ thtn 
comes a succession of abuut nine years when i(s action is 
leas than its mean ; hence, for nine years tht. pruceasion of 
the equinoxes will be more than 50' 1 perytir ind for llie 
nine years following, the precession wiJI be less than &0 1 
for each year; and the wk<A« amounl of tanatim Jor lis in 
egualkij, in reijieel to longitude, is 17" i and it^ pen d is bilf 
a revolution of the moon's nodes. This tnequditj is called 
the equation of the equinoxes, and vanes a the sine of the 
longitude of the moon's nodes. 

'"in" The equation of the equinoxes, of course affects the length 

' "'"'" of the tropical year, and slightly, teii/ dijhtly affects side- 
real time. 

in and There is a true equinox and a meon equinox, ind, ns side- 
real time is measured from the meridian transit of the equi- 
nox, there must be a tme sidereal and a mean sidereal time; 
but the difference is never mi.re than 1.1 s. in time, and, gene- 
rally, it is miiph less 

Mi'on ( 209.) In the hope of being more c''car than some authors 
have been, in explaining the results of precession, we present 
Fig. 47. .ff represents the pole of the ecliptic and the ^reat 
circle around it is the ecliiitio itself F is the pjle of tl e 
earth, 23° 27' from the pnlo E, and around P. as a centei i\e 
have attempted to rejjresent the equatnr, but this of course 
is a little distorted: T and ^ are the two cpposite points 
where the ecliptic and equator intersect ; f.ff is the first me 
ridian of longitude ; t/' is the first meridian of right ascen 
Bion. ^ The angle EtP is 23° 27, and E P, produced is the 
meridian passing through the solstitial points. To obtain i 
clear coniieption of the precession of the equinoxes, the stara 
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tlie ecliptic, and its pole E, must be coTisidered as fixbd, l'h,^, vii 
and the line <r ^^ as liaiing a slow motion nf 50". 1 per on- ' 




nam m thp LtliptiL ii a rttr gndi, directi n and this mill n„j 
earn the p le -P around the punt E a^ a. center parr\i g o" o 
ftlBo the solBtitial pumts backward on tlip echptii, gome ,,,„ ^ 
of the stars ha\e pr per motions but putting that circum ■ »" 
stance out of the questir n the star* are fixed nnd the eclip '^^"^ ^ 
tic IS fistl tlpipfrre thi -tir^ never laigt latitudL 1 ut „d. 



,y Google 



ASTRONOMY. 

f-_vii. the whole t'ranie-worJj of meridians from the pole /, the pole 
itself, and the ec[uator, revolve over the stars; and, iu respect 
to that motiou of the meridian and the equator, the stare 
change nght aseenaion, dedinaii<m, and longitude, but do not 
change latitude. The stars change longitude, simply because 
the first meridian of longitude, qr -£', moves backward ; they 
change right aseensioa, because the meridian, cp P, and all 
the meridians of right ascension, revolve backward. 
» html By inspecting the figure, we readily perceive that all the 
f_ stars near T must, apparently, approach the north pole, be- 
hai Uia cause the pole, in its revolution round E, is approaching to- 
h^'C ^"■''^ *''^' P^"^ "f ^^^ ecliptic ; for the same reason, all the 
from stars near ^ are, apparently, moving southward, because the 
equator is being drawn over them. In short, all the stars, 
from the eighteenth hour of right ascension through T, to 
the sixth hour of right ascension, must diminish in north po 
iar distance, and all the stars, from the sis hours through ^, 
to the eighteenth hour of right asoenwon, roust increase in 
north polar distance, in consequence of the precession of the 
equinoxes. 
ip«<"» These observations may be confirmed by inspecting Table 
II, in which is registered the positions of the principal fixed 
stars, with their annual variations. The column of annual 
variation of declination changes sign at the point correspond- 
ing to six hours, and eighteen hours of right ascension ; and 
the rapidity of this variation is greater as the star is nearer 
to hours, or twelve hours of right ascension. 
■""■'"■ When the right ascension of a star is hours, or twelve 
■i^j hours, it is easy to compute its annual variation in declina- 
Hunpnt- tion, corresponding to its precession along the ecliptic of 
50".l. Conceive a small plane triangle whose hypotlienuse is 
tl bl 1 ty 
wU !■ f d 
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in the catalogue is computed and put down ; and if any par- c 
ticular star does not correspond with this, it is said to have 
proper motion ; and U is thus thai prtiper motwtti are delected. 

As P muat circulate round £! by the slow motion of 50". 1 ' 
in a year, it will require 25Bb» years to portorm a revolution; ,[ 
and the reader can perceive by inspL ting the figure, why 
the pole star is in apparent motirn in respect to the pole, and 
why that star wil! eease to be the pilar star, and why, at the 
expiration of about 12000 years the bright star, Lyra, will 
be the polar star. 



( 0) rh 

f ■ 



f 



f h 



ly st 
m 11 

1 1 y f 



by h 



J 1 



f 



1 



d 1 



represented in this g , h 
corresponding to nineteen years ; 
therefore, there must be as many of 
them in the whole circle as 19 
tained in 25868. From this, v 
eeive, that the undulations in t 
ure are much exaggerated, and vastly 
too few in number; an exact linear 
representation of them would I 
possible. 

( 211.) Prom the foregoing, we leam that the positions of 
al! the stars are affected by aberration, precetHim, and nuia- »i 
lion : the amount for each cause is very trifling in itself, yet, „ 
ia moat cases, too great to be neglected, when accuracy is 
required; and it is as difficult to make computations for a 
small quantity as for a large one, and often greater ; and to 
reduce the apparent place of a fixed star from its mean place. 
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^""- ^" and its mei.n place from ita apparent place, ia one of the moal 

troublesome problems in practical astronomy. 
"r"°t^" '^''^ mean place of .1 fixed star, reduced to the time of ob- 

fcoDd' servation, is sufficiently near its apparent place to be con- 

sidered the same. Tlie practical astronomer, however, who 
requires the star as a point of roforunce, or uses it for the 
ailjustment of his instruments, must nnt omit any cause of 
variation; but auiih persons will alwavs have the aid of a 
Jfaidkal Almanac, where general forriiuhe and tahks will be 
found, to direct and facilitate all the requisite reductions. 
in^uBca (^12.) Physical astronomy brings many things to light 

■uwDimy. "lat would otherwise escajie observation, and some of these 
developments, nt fir^t, stril-o the learner with surprise, and he 
U not always ready to _\iuld his assent. For instance, as a 
genera] student, he learns that tlie anomalistic year, the time 
that the earth moves from its perigee to its perigee again, is 
365d 6h.l4ra.; that the perigee is very slow in its motion 
moves only about 12" in a year, and is subject to but few 
fluctuations. He has also learned that the eaith, in its orbit, 
describes equal areas in equal times; henee. he concludes, 
that the time from perigee to perigee, or from aprjree to apo- 
gee, must be very nearly a constant quantity; but, on con 
suiting and comparing the predictions to be found in the En- 
glish nautical almanacs, he will Snd these periods to he (in 
comparis(m to his antiripatinns) very fluctuating. They 
differ from the states mean times, not only by minutes and 
seconds, but by hours, and even days. The investigator is. 
at first, surprised, and fancies a mistake; at least, 3 mw- 
print; but, on examining concurrent facts, such as the lo- 
garithms of the distance from the sun, and the sun's true 
motion at the time, he finds that, if a mistake has been made, 
it is a very harmonious ore, and evi-ry other eircumstance has 
been adapted to it. 
The laii- But let us turn a moment from these facts, and examine 

Hn' ..plain. ^^^ *'^* pagc of our Tables. There it will be found, that the 

"■. sun has latitude ; that it deviates to tlie north and south of 

the ecliptic, by a quantity too small ever to he oinerved : it is, 
therefore, a quantity wholly determined by theory, and, af 
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till; sun's latitude cliaoges wilh the latitude of 
uiaat seek fur its cause in the lunar mutions. 

To understand the fact of the sun having 
latitude, we must admit thut it is the cenier 
uf gravity between tlie eaitk and moon, that 
inuvcs in an eliijitical urbit round the sun; 
and that uenter is alwajs in the eeliptic; and 
the sun, viewed from that point, would have 
no latitude. But when the moon, m, ( Fig. 
48 ), ia on one side of the [ilano of the eclip- 
ti«, Sc, the earth, £ would he on the other 
side, and the &ui), seen from the center of the 
earth, would appear to he on the same side 
of the ecliptiu as the moon. Bence, the sun 
will ekunge kit liUU-ade, when llie mooa chanyes 
lier hitUude. 

If the moon were all the while in the plane of the eoliptlc, 
the sun would have no latitude ( save aunie txtreiaely mmtiie 
fjuantitiu^ from the action of tie pknets, when not ii 
plane of the ccli|itie ) : but the 
than 5° '^0 Iroin the ecliptic, an( 




does net deviate more ^ 
the earth makes 



i propo 



tiiinnl devil 



ner side; but, in longi- 
tude, the moon de\iates tr) a right angle on both sides, in re- 
spect to the sun, and when the moon is in advance in respect 
to longitude, the sun appears to be in advance also ; and 
when the moon is at her third quarter, the longitude of tlio 
aun is a|ij)arontlj thrown back by her influence ; — the great- 
eat variation in the sun's longitude, arising from the motion 
of the earth and moon about their center of gravity, is about 
l3" each side of the mean. Now it is this motion of the 
earth ari>und tlie common center of gravity of the earth and »( 
moon, that cliiefly affects the time when the earth oomes to '" 
ita apogee and perigee. When the moon is in conjunction ^^ 
with the sun, the center of the earth is farther from the aun u 
than it otherwise would be; and when the moon ia in oppo- 
aition to the sun, the earth is about 3200 miles nearer the 
sun than it would be in its mean orbit , and thus, we per- 
neive, that the longitude of the moon has a great influence ia 
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vn. bringing the earth into, or preventing it from coming into, iti 
perigee or apogee ; but the perigee and apogee point 8,/or the 
center ofgrawt^, are quite uniform, aj^eeably tu the views ex- 
pressed ill the first part of this article. These explanations 
will give a general insight into some of the apparent ii.trica- 
eies of physical astronomy, 
•qui- The small equations of tiie sun's center are computed n\i 
snu' *^^ principle explained by Fig 4b, the enn having a mu- 
.«d. tion round the center of gravity between itself and each of 
the planets. For example, the perturbation produced by Ju- 
piter is greatest when Jupiter is in longitude 90° from the 
Bun, as seen from the earth; the greatest cficet is then about 
8", and varies very nearly as the sine of Jupiter's elongation 
from the sun. 

When Jupiter is in conjunction with the Bun, the sun is 
nearer the earth than it otherwise would be;and, on this ac- 
count, wo have a small table to correct the sun's distance 
from the earth, called the perturbations of the sun's distance. 
The same remarks apply to other planets but, to avoid 
ooDfosioD, the effects of each one tnnst b« oompnted sepa- 
«tely. 
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SECTION IV. 
PEACTICAL ASTKONOMY. 



BEPAR ATOBT 



Wb Lave now done witL general demonstrations, and with 
minute and consecutive explanations; but we shall give all 
necessary elucidation in relation to tho particular problems 
under consideration. To go through this part of astronomy 
with success and satisfaction, the reader muit havt a passa- 
hle understanding of plane and spherical trigonometry; and 
if to these he adds a general knowledge of the solar system, 
as taught in the foregoing pages, he will have a full compre- 
hension of all we design to embrace in this section. 

To prompt the student in his knowledge of trigouometry, 
%& give the following formidm : 

I. Relative to a single are or angle. 



Ttm. 



Vl-|~tan.^i 



Vl-^-tan.' 




^0— 1 



• Radina Is unity in all these eqnation 
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tu h 



Relative to two ar 
the greater. 

9. - .in. («-|-S,=.in 

10. - CO!. (,.+4) = oo 

U. - Bin. (a— i,=sir 

12. - oo».(«-^)-o. 



..S+.i, 



Sum of f 9 ) and ( 11 ) gires Vi, dift'. gives U 
13. - .in.(a+4)+,!n.(a-4)=i«„.„oo,.S. 
U. - Bin.(»-1-/.)— sin.(a— i)=2cns.asin.i. 



- tan.(rt-l-i) 




1— laij.atanj 


- tan.fu— *) 




tan.«— t:,ii.ft 


. sin^a-l-siii. 




_ta„ ; u,^b) 
tan.i;a— i;' 


tan.a+tan. 




__Biii. (o_f_i) 


tan.«~taii 


Biii. [a~by 


f 1+tan.S 
J 1— tan.6 




-=tati. (45°+i). 


I 1— taii.J 
t 1+tan.i 




— tan. (45°— i). 



We shall, prohablj, make an application of the following 
theorem ; it applies to finding thu unknown angles of a tri- 
angle, when the loff-jrUhma of two sides (not the sides them- 
seives) and the angle included hotweon the sides arc given. 

Ths greater of two sides of a jj/ane triunyh is, to ike less, 
as radius to thr fongmL of a eertain angle. Take this angle 
from 45°, and call the diference a. Lastly, radivg is to the 
tai^ent. a, as the tangent of tht half mm of the utrgles at Iht 
base is to the tangent of half their differenoe, 

ITT, Jtesolutitut of right-angled spherical triangles. 

Tn the fullowing ef[uatj(ina, A is the hj-pnthenuse, s a given 
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side, a a given angl , 

angle ia unity, and always ^ven.) 



EaUATlONS. 
id X the quantity sought. (T^i right 



Required, 
r side op. a 

I aide adj. a 21. tan. 

( the other angle 22. cot 

Ithe otber side 23. cos. 
ang. adj. i 
ang. op. « 



Q < tno other side, 27. s 

opposite, the other ang. 28. s 

' ( h 29. cot, 

^"'^ ^ the other aide, 30. tan. 

e other ang. 31. 



adjacent, ' 

Tbe I 



c!=tan, 



s. otber sida 

two sides. \ the angles, 33. cot. x=sin. adj. sideXcot. 

[op p. side. 

rV. Resolution of oblique angled spherical triangles 
Let A B and C ho the three angles of any spherical triangle, 
md ah and C the sides opposite to them respectively, that la, 
the aide a ia opposite to j4, Sic. 

In spherical trigonometry, the diies of the angles art pn^por- 
iomd io the sines of the oppoaite sides. 

,, sin.^ sin. 5 sin. C 
Therefore 34. -^- = -^^ = -^^■ 

CHven the three sides ahc; 
Required one of the angles, A. 

sin, (f — 6) an. (> — «) 



86. 



Sin.»iJ = 
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! ^ ' A— «'"■ -^ sin. («— <i ) 



CHAPTER I. 

ASTRONOMICAL PROBLEMS 



Cfiven Ike rigU ascension and decUrui^on of any heoKnly 
body, to find Us latitude ajid longitude ; or conversdy, ffiventfii 



latitude and longitude of a b 
n and declination. 




find ks corresponding righ. 



rom any point as a center 

I (Fig. 49) deseribo a circle Q 

l^'/'a, &c. Lot this circle 

represent the meridian, which 

■ passes through the pole of the 

leeliptic E, the pole of the 

jlearth's axis P, and throngh the 

Bsolstitial points sB and V?. 

|Then the point Aries ( "r) will 

30 at the center of the circle, 

ind W T se and Q 'Vg will be 

jssing each other by an angle equal to the obliquity 

of the ecliptic. J'p is the celestial meridian which passes 

through the equinoctial points, and is the first meridian of 

right ascension. ^ T « is the first meridian of longitude, and, 

of course, the angle £! <p I' is equal to the obliquity of tha 

ecliptic. 

P"" Let s be the position of any celestial body, and draw the 

,ni, meridian of right ascension Psp; also draw the aaeridJan of 

o'h longitude B» t draw also t *. We have now two right-angled 

,j'" spherical triangles « 75 T and fp Be, having a common hyp"- 

thenuae "V », the first is the right ascension triangle, tlie 
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second is the longitude t.riangle. Let the student observe 
that the line Qq represents a circle, the whole ec[uator; and 
the point 1" represents, in fact, two points, the degree of 
right ascension and the 180th degree. So the point » repre- 
sents two points, and fp -D is the right ascension from de- 
gree, or from 180 degrees, 

Ir. our figure, the point * is north of hoth ecliptic and 
equfctor; bot it might have been between the two, or south of 
both ; hence, to meet every ease, the judgment of the opera- 
tor must be called into exercise to perceive a gener^ 
solution. 

Now, having the right ascension and declination of *, we 
find its latitude and longitude thus; 

In the triangle 'vDs, tv i> and Ds are given, and equa- 
tion 32 gives tp 8 ( '0 ; 33 gives the angle » T !>■ From 
5T D subtract B t D. the obliquitj of the ecliptic, and 



With the angle $ t B and the side ^- s, equation 20 
gives sB the latitude, and 21 gives 'i'B the longitude. 



1. Tk 


e right ascen. 


sion of a certain 


point iti tlte heavens is 


5 h. 7 m. 


. 50 s., orJn 


arc 76° 57' 


30" 


; and its dedinatiim u 


26° 11' 


36" N.: 










Wkai 


it the lalUude and longUvd 


'eof 


tke- 


^amepoira? 






(32.) 






(33.) 


Ti> 760 67' 30" COS 


. 9.353454 


. 


. 


- sin. 9,988651 


tD 26' 


• IV 36" cos 


. 9.952952 




. 


- cot. 10.308104 


■V <"78= 


'19' 3" COS. 


9.306406 


26° 47' 


27"cot. 10.296755 




BtD 
s^B 


. . . - 


23 


27 


32 




3" 


19 


55== a 



■ In general, take the difference between the angle fVD and the 
abliqaity of Ihe ecliptic ; and if the angle « T -D ia the greater quan- 
tity, the body is north of the ecliptic, otheririse it is south of it 
When the declination ii aoath, Ihe angi- n^' D must be added lo the 
obliquity of the ecliptic In the first ^ni: decond quadrants, and sub- 
tracted in the third and fourth. Hence the jurfgmenl of tho operator 
must be called in lo decide the particulars of tho case ; or he mual 
boVfl a general formula that will give no exercise to the mind. 
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(20.) 
(A) T8°19' 3" Bin. 9.990911 
(,a) 3 19 55 sin. 8.763965 


(21.) 
tan. 10.684611 
COS. 9.999265 


3° 15' 36" ain. 8.754876 78 18 6 


tan. 10.683876 


Thus W9 determine that the longitude mu 
and the latitude 3° 15' 36" N. 


ist be 78° 18' 6", 


2. The Imgitude of the mom, at a certain time, according U 
WluU waa the corresponding right ascension and decliiia£on P 


„pi,> ».« T-S 77-^ 53' COS. 9.322019 
It fonn ^ ^ £ 5° 14' 15" eoB. 9.998183 


(33.) 
sin. 9.990215 
cot. 11.037780 


.I..U.U. T«TT° 56' 12" coa. 9.320202 5°21'27" 
=''^^; B^D - - 23 27 42 
.ipl«. ; 18 6 15 


cot. 11.027995 


t"Jr (200 
o«., "■= (A) 77° 56' 12" sin. 9.990302 
hick ™ ^^^ jg g j5 gj^_ 9.492400 


(21.) 
tan. 10.670170 
COS. 9.977948 


"!•"». 17 41 22 Bin. 9.482702 77°19'4I 


" tan. 10.648118 



Thus we find that the right ascension distance on the equa- 
tor, from the 180th degree, was 77° 19' 41"; or ita right aa- 
cension in arc was 102° 40' 19", or in time, 6h. 50m. 41a. 

3. By meridian observations on the moon, at a certain time, 
ita right ascengion was found lo be 16b. 53m. 33s., and its decli- 
nation 17° 51' 36" S. : what was Us longitude and laiilude? 
Ans. Lon. 254" 9' 14", Lat. 4° 41' 12" N. 
n- In the following examples either right ascension and decli 
" nation may be taken for the data, and the longitude and lati 
M tudo the sought terms, or conversely; the longitude and 
latitude may be the given data, and the right ascension and 

■ Aa the longitude la more than 90° and leas than 180°, the moon !■ 
:n the aecond quadrant of right ascension, and 77° 53' in longitude 
from the equaloci and bs her latitude ig soalh, it does not norrcBpond 
to Ss in the figure, snd we give the example to exercise Uii> iudf. 
ment of the learner. 
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PRACTiCAL PRCELEMS 

ileelinadoii the required tcrmH. A Nautical Almanac will 
furnish any number of similar examples. 



R. A. Dec. 

h. m. 8. ° ' " 

15 47 36 15 58 15 south, 

613 22 18 23 2 north, 

11 24 44 1 45 28 north, 

20 23 33 1411 9 south, 






Lat. 



238 14 48 4 30 17 north, 

93 10 55 6 4 23 south. 

171 12 40 1 52 51 soutt 

304 47 15 5 2 23 north. 

LBM II. 



0HWJ /Ae liititade of t/ie }Aace, and tl<4 declination of the sun ^^^ " ^ 
or star ; to find the semtdiumal arc, or the time th£ swn or xtar pr„a. „ 
umM remain, alove ihe liorizon; amd to find its amplUude, or ihe ^■^piit" 
nundier of decrees from the eaM and west points of the horizon, ^^ ^^^^^ ' 
where it will me and set. ^'•"■ 

To illustrate t.his problem we draw Figure 50. Let P Z E, ^J^^'^'j 
fee, represent the celea- F\e- 50. 

tial meridian passing ■ 
through the place. Make! 
the arc Q Z equal to theB 
latitude, then ZF will| 
equal the co-latil 
The line Bh is every-l 
where 90« from Z, and|j 
represents the horizon. I 
Pp represents the earth'sl 
axis, and the meridian | 
90° distant from the ir 

ridian of the place; Qy U 

is the equator. From the points Q and '/ set off d and d'. 
equal to the declination ( nortli or south, as the ease may be) 
and describe the small circle of declination, d Q d\ where this 
circle crosses the circle of the horiion Hh is the point where 
the body { aun, moon, or star ) will rise or set ( rise on one 
side of the meridian and set .m the other, both are repre- 
sented by the same point in the projection ). Through P Q 
p describe the meridian as in the figure, and the right-angled 
Bpherieal triangle RO C appears : right angled at £. 
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ASTRONOMY. 

In the triangle B Q 0, there Is given the side B 0, 
;he declination, and the angle opposite E C Q, which is equ&l 
i co-latitude. R C, expressei^l in time, at the rate of 15° 
3 hour, will bo the time before and after 6 hours, from 
;he time the body is on the meridian to the time it ia in th» 
horizon; and the aro (7© is the amplitnde. The triangle il 
■immediately resolved bj equations 26 and 27, 
(27.) SiQ. SC = tan. declin. X tan. lat. 



(20.J 



Sin. Co 



sin. declin. 
COS. lat. ' 



Observing that the tangent of the latitude is the same aa 
the cotangent of the angle R C Q, and the cosine of the lati- 
tude is the same as the sine ai R Q, corresponding to a in 
the equation. 



EXAMPLE. 



''"" In tlte laiUu<k of 40° N., wfien lite Sim's dedinalkm it 20° 
, i,, N., 'what lime before and after six will it rise and set, and mhat 
,«p- will be its amplitude? 



(27.) 
20° tan. 9.561066 

40 taii^.92381b 

17° 47' sin. 9.484879 



(26.) 
ain. 9.534052 
ooa. 9.884254 



26° 31' sin. 9.649798 



Thus we find that the arc called the ascensional difermce, 
is 17° 47', or. in time, Ih. 11m. 8s., showing that the sun oi 
heavenly body, whatever it may be ( when not affeeted by 
parallax or refraction ), will be found in the horizon 7h. 11m. 
8s. before and after it comes to the meridian. 

Its amplitude for that latitude and declination ia 26° 31 
north of east, or north of west, and, if observed by a compass, 
the af.parent deviation would he the wxriirfton of the eompass. 

2. At Lmulm, in I/d. 51° 32' N.. the sun's amplitude vm 
(^served to be 89° 48' toward the north ; what tons its dedina- 
twtK and what was the ^parent time of its risitig and setting ? 
Ana. Sun's declination, 23° 27' 59 ' N. 

Sun'fl rising, 3h. 47tti. 32s. -, sun's setting, 8h. 12m. 28h. 
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FRACTtCAL PROBLEMS 247 

The amplitude of the ma ia frequently observed, at ilea, to cwiP. i 
discover the variation of the compass ; but, by reason of re- ^^^o, 
fraction, the results are not perfectly accurate. noitttenia- 

From the right-angled spherical triangle (Fig. 50) P ZQ, ".^^"^ 
WB can compute the time when the sun is east or west in po- ^^.e iini *■ 
sition, and the altitude it must have, when in that position. ""' ^ "'■»''' 
The angle 2 is a right angle, /• 2 is the co-latitude, and ^^^^^ ^, 
Pq is tiie CO -declination. hoiiion 

Equation (23) gives the ooaino of Z Q, or the sine of the ^°^^^J' '" 
altitude of the sun when it Js east or west — the latitude and „i,i,, i, ,„,. 
decUnation being given — and equation (24) will ^ve '^'^ ^^ ^ aWmd. 
angle or time irom noon. 

We may also find the altitude and azimuth of the sun, at 
6 oV'pck, by making use of a triangle formed by drawing a 
vertical through Z s JT: C S, the given declination, will be its 
hypothenuse and PC/t, the latitude, will be the arc of its 

By means of right-angled spherical trigonometry, as com- 
prised in the equations from 20 to 33, we oan resolve all pos- 
sible problems that can occur in ast'onomy, pertaining to the 
sphere; hut, for the sake of hrevitj, mathematicians, in some 
cases, use oblique-angled spherical trigonometry, which is 
nothing more than right-angled trigonometry com^ned and 
condensed. 

PROBLEM III. 

Given, the lalUude of the place of observation, the sun's de- tu ...n 
clinaiion, and Us altitude above Ike hariscm, to find Us meridian ^''^^'^^ ^^ 
distance, or the ttjne from apparent jwon. liiiian, s 

There is no problem more important in astronomy than '^'^^'^"^ ^ 
that of time. No astronomer puts implicit faith in any chro- „ , „j„„ 
nometer or clock, however good and faithful it may have ^"^^'^ ^•^ 
been ; and even to suppose that a chronometer runs true, it ^[["^^^ " 
can only show time corresponding to some particular me- ento, is ii 
ridian; and hence, to obtain local time, we must have 80'»^J^^f^„^ 
method, directly or indirectly, of finding the sun's distance p„,„ „„„ 
from the meridian. 

When the center of the sun is on any meridian, \tiathm 
»nd there apparent noon ; and the equation of time will be the 
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I. itilerval to or/rom 

,„ ill an observatory, 

"f the iDfiridiiin; no o 

■ nite andacL-urate, i 

combiDed with a multitude of 



lean noon ; but jone, save an astronomei 
an define tbe instant when the sun is on 
) el&e has a meridian line bufficientiy defi- 
\d with him it is the result of great cate, 
observations. 



To define the time, then (when anything like aceuracy is 
required ), we must resort to observations on the sun's al- 
titude. 
■"" It is evident that the altitude of the sun is grealei and 
Zl greater from banrise to noon, and from noon to sunset the al- 
r ac- titude is continually becoming less. If we could determine 
by observation, exactly when the sun had the greatest alti- 
tude, that moment would be apparent noon ; hut there is a 
considerable interval, some minutes, before and after noon, that 
it is difficult to determine, without the nicest observations, 
whether the sun is rising or falling; therefore, meridian ob- 
servations are not the most proper to determine the time. 
'ZZ ^'^om two to four hours before and after noon ( depending 
in some respects on the latitude ), the sun rises and falls most 
rapidly; and, of course, that must be the b st t n e to fix 
upon some definite instant ; for every minute and sec nd ot 
altitude iias its corresponding time from no id thus tl e 
f..^ r,, time a 1 It tude ha 

■ a scieut fie co nect o 
which i>a ly be d sen 
taiigh'd by spherical tri- 
!gonomptry. But we 
proceed to the problem. 
Draw a circle, f Z 
Q //, &c., (Fig. 51). 
|rei)resenting the me.-i- 
an ; 2 is the zenith, 
(d Z J\' is the prime 
rtieal ; ff/i is the ho- 
Irizon; 2 ^ is an arc 
equal to the given lati- 
tude ; Q qis the equa- 
the earth's axis. P S 
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Take Ha, h a, equal to the observed altitude of the sun, chip, i 
and draw the small cirele, a a, parallel to tte horizon, Hh. 
From the equator take §(£,}< equal to the declination of 
the sun, and draw the small cirele, d d, parallel to Q q. 
Where these two small circles, aa, dd, intersect, is the posi- 
tion of tlie sun at the time. 

From Z draw the vertical, Z Q N, and from P draw the 
meridian through the sun, P Q S. The triangle P Z Q 
has all its sides given, from which the angle ZP Q can be 
computed ; which angle, changed into time at the rate of 15° 
to one hour, will give the time from noon, when the altitude 
was taken. If the time, per watch, should agree with the 
time thus computed, the watch is right, and as much as it 
differs is the error of the watch. 

The side 2 © is *-^^ complement of the altitude, P O .Ji^'"*"^ 
is the complement of the declination, and P Zi» the comple- ^^j, ,„j 
ment of the latitude, and equation ( 35 ) or ( a6 ) will solve i«inu o"' • 
the problem; that is, find the angle P which can be made '""'^'■ 
to correspond to A, in the equation. But, in place of using 
the complement of the latitude, we may use the latitude it- 
self; and, in place of using the complement of the altitude, 
we may use the altitude itself; provided we take the cosine, 
when the side of the triangle calls for the sine ; for it would 
be the same thing. By thus taking advantage of every cir- 
cumstance, ingenious mathematicians have foimd a less 
troublesome practical formula than either (35) or (36) would MjUwm.. 
be; but we cannot stop to explain the modifications and^'™"'J 
changes in a work like this; we contemplate doing so in uons w ab- 
a work more appropriate to such a purpose ; the student must ^^^!''' 
be content with the following practical rule, /o/«rf l/ie Htnt nuom. 
of day, Jram lite <Aiservtd altitude of the sun, logetfter wkk 'Is 
polar distance, and the latitude of the obseruer. 

KnLB 1. — Add together Uie aUitude, latitude, and polar dig- r.^iic. 
lance, and divide t/ie sum by two. From this half sum gi'biract ^* """ 
the altitude, reserving llie reminder. 

2. — Take the aTithmeliaU compUment of the cosine of the laH- 
Ittde, the arOhmelical complement of the r'ne of /lie polar distanee, 
the cosine of tlie Iixilf sum, and the sine of the remainder. Add 
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. theiefour loganlhma toy^ier, and divide t/ie stmt bg two; tht 
result is the loganthmetic sine of half the hourly angle. 

3.— This angle, taken from the Tables, and converted into 
lime at the rate of four minutes to one degree, vpill be the 
time from apparent noon , the equation of time applied, will 
give the mtan timo when the ohservation was made,* 




* The in&tniment for taking alti- 
tudes at sea, or wherever the observer 
may happun to bo, is a quadrant or 
Sextant, aecording to the number of 
degrees of the arc. It is made on the 
principle iif rtflucting the image of one 
body to another, by means of a small 
mirror revolving on a center of motion, 
carrying an index with it over the arch Nearly opposite 
to the index mirror is another mirror, one half silvered, tho 
other half transparent, called the horizon glass. Directly op- 
posite to tho horizon glass is the line of sight, in which line 
there is sometimes placed a small telescope. The line of 
flight must be parallel to the plane of the instrument. The 
two mirrors must he }ierpendiadar to the plane of the instru- 
ment. To be in adjustment, the twn mirrors, namely the in- 
iex glass and horizon glass, must be parallel, when (he index 
stands at 0, 

To examine whether a sestant ia in adjustment or not, 
proceed as follows ; 

1, la the index mirror perpendicular to the plane of the in- 
ttniment? 

1 about the middle of tho arch, and look 
■or, and you will see pait of the arch re- 
le part direct ; and if the arch appears 
1 in adjubtracnt; but if the arch appear! 
a not ill adjustment, and must be put so 
V behind it, adapted to this purpose. 

2. Are the mirrors parallel when (ha index is ot 0? 

Place the index at 0, and clump it fast; then look at some 
rcll-defined, diatant object, like an even portion of the dia- 



Put the index 
into the index mirro 
fleeted, and the sam 
perfect, the mirror is 
broken, the mirror i 
by 
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PRACTICAL PROBLEMS 



In latitude 39° 46' north, when the sun'a declination was 
3° 27' north, the altitude of the suu'a ceDter, corrected for 



refraction, index en 


:or, &e, . 


™b 32'> 20', 


natng ; what was 


tlie apparent time ? 










Altitude, 32 
Latitude, 39 
Polar die.. 86 


20 
46 
83 




eos.e.n,pl.. 
Bine comple. 


- .U4268 

- .000788 


2)168 
79 


39 
19 


30 


cosine 


9 .267652 


32 


20 








46 


59 


~30 


sine 


9 .864090 
2)19 .246798 


iZl-O 


24 


60 


30 sine 
2 


9 .623399 


The hourly angle is 


W 


41 


0, which, conTerted into time, 


gives 3h. 18 m. 44 


s, th 




ne from apparent noon, and, as 



taut horizon, and sec part of it in the mirror of the horizon 
glass, and the other part through the transparent part of the 
glass ; and, if the whole has a natural appearance, the same 
as without the instrument, the mirrors are parallel; but, if 
the ohject appears broken and distorted, the mirrors are not 
parallel, and must be made so, by means of the lever and 
screws attached to the horizon glass. 

3. Is iJis Iiorizon glass perpendicular to the plane of the in' 
ttntmeKt? 

The former adjustments being made, place the indei at 0, 
and clamp it ; look at some smooth line of the distant horizon, 
whDe holding the instrument perpendicular; a continued, un- 
broken line will be seen in both parts of the horizon glass; 
and if, on turning the instrument from the perpendicular, the 
horizontal line conlinutu unbroken, the horizon glass is in full 
adjustment; but, if a break in the line is ohserved, the glass 
is not perpendicular to the plane of the instrument, and mnnt 
be made so, by the screw adapted to that purpose 

After an instrument has been examined according to tbew 
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'•"*''■ '■ the sun was rising, it was before noon, and the itpparent time 
was 8 b. 41m. 16 s. 
b- ^8^d ^ S'^od obaerver, with a good instrumeDt, ii: favorable cir- 
hi Uw quid. cumstaBces, can define the time, from the sun's altitude, to 
'■■' "''"^'' within three or four seconds. 

All viificiii ^^ sea, the observer brings the reflected image of the sun 
-ma. to the horizon, and allows for the dip (Table8p.25). On diote, 
where no natural horizon can be depended upon, resort is had 
to an arti/icial horison, which is commonly a little mercury 
turned out into a shallow vessel, and protected from the wind 
by a glass roof The sun, or any other object, may be seen 
reflected from the surface of the mercury ( which, of course, 
is horizontal ), and the image, thus refleeted, appears as much 
below the natural horizon as the real object is above the hori- 
zon; and, therefore, if we measure, by the instrument, the 
angle between the object and its image in the artificial hori- 
zon, that angle will be double the altitude. 

V^'hen mercury is not at band, a plato of molasses will do 
very well; and in still, caini weather, any little standing pool 
of water may be used for an artificial horizon. 

Observations taken in an artificial horiijon are not affected 
by dip, but they must be corrected for refraction and index 
error, and, if the two limbs of the sun are brought together, 
its semidiaraeter must be added after dividing by two. 
« (.r»oiiod The followirjg example is from a sailor's ooto book : 
—"f"- "On the 18th of May, 1848, at sea, in latitude 36° 21 

north, longitude 54° 10' west, by account, at 7 h. 43 m. pei 
watch; the altitude of the sun's lower limb was .52° 61' ris- 
ing; the bight of the eye was eighteen feet, and the index- 
directions, it may be considered as in aa approsimate adjust- 
ment — a re- examination will render it more perfect — and, 
finally, we may find its itid^ error as follows :— measure the 
Bun's diameter both on and off the arch— that is, both ways 
from 0, and if it measures the same, there is no index error ; 
but if there is a differenee, half that difference will be the in- 
dex error, additive, if the greatest measure is off the aroii, 
Bubtractive, if on the arch. 
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error of the sextant was 2' 12" additive. What was the er- 
ror of the watch ?" 

PREPARATION. 

Time, per watch, - - - 7h. 43 m., morning. p 

Longitude, 54° 10', in time, - 3 .38 w 

Estimated mean time at Greenwich, 1 1 h. 21 m. „ 

The declination of the sun at mean noon, Greenwich time, " 
was 19° 38' 29" increasing, the daily variation being 13' ; 
the variation, therefore, for 39', the time before noon, was 
21" subtractive. Hence, the declination of the sun, at the 
time of observation, was 19° 38' 8" north, and the polar dis- 
tance 70° 21' 52". 

Observed altitude, .... 32° 51' 00" 

Index error, 4-212 

Semidiameter, . - . . . ^- 15 49 

Refraction, ---... — 128 

Dip of the horizon, - - - . — 4 13 

True altitude of sun's center, - - 33° 3' 20" 

Altitude, 33° 3' 20" 

Latitude. 36 21 cos. complement, .093982 

Polar dia. , 70 21 52 sin. complement, .026013 
2 )139 46 12 

69 53 6 cosine, - - 9.536470 
33 3 20 

36 49 46 sino. - - 9.777770 

2)19.434235 

i hourly angle, 31 25 30 sine, - - 9.717117 

This angle corresponds to 4h. 11 m. 243., or, in reference 
to the forenoon, 7 h. 48 m. 36 s. apparent time. 

On the 18th of May, noon, Greenwich time, the equation * 
of time was 3m. 548. subtractive; therefore, the true mean ^^' 
time, at ship, was - - - 7h. 44 m, 42 s. ftre 

Time, per watch. ... 7 43 " ' 

Watch slow, ... 1 42 >»" 

A short time before this observation was taken, the watch ^,1, 
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■ was compared with a clironometer in tte cabin, which wai 
too fast for mean Greenwich time, 19 m. 12.5 s., according to 
estimation from its rate of motion. The chronometer was 
fast of watch by 3 h. 56 m. 39 s. What was the longitude of 
the ship? 

Time of observation, per watch, 7 43 00 
Diff. between watch and chron,, 3 56 39 
Time, per ch., at observation, 11 39 39 
Chron. fast of GreeDwicb time, 19 12 

Greenwich mean time, - II 20 27 

Mean time at ship, - - 7 44 42 

Longitude in time, - - 3 35 45=53° 56' west, 

»■ The longitude is west, because it is later in the day, at 
'' Greenwich, than at the ship. This example explains all tbe 
la details of finding the longitude by a chronometer. 
'■ By taking advantage of the observations for time on shore, 
s. we may draw a meridian line with considerable exactness; 
"^ for instance, in the last observation ( if it had been on land ), 
in 4h. 11m. 24 8. after the ohservntion waa taken, the sun 
would bo exactly on the meridian ; and if the watch could be 
depended upon to measure that interval with tolerable accu- 
racy, the direction from any point toward the sun's center, 
at the end of that interval, would be a meridian line. Sev- 
eral Bueh meridians, drawn from the same point, from time t(i 
time, and the mean of them taken, will give as true a me- 
ridian as it is practical to find; although, for such a purpose, 
a prominent fised star would be better than the sun. 
» The problem of time includes that of longitude, and find- 
ing the difference of longitude between two places always re- 
solves itself into the comparison of the local times, at the same 
instant of absolute time. When any definite thing occurs, 
wherever it may be, that is absolute time. For instance, 
the explosion of a cannon is at a certain instant of absolute 
time, wherever the cannon may be, or whoever may note tho 
event : but if the instant of its occurrence could be known 
at far distant places, the local clocks would mark very diffe- 
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fent hours and minutes nf time; lut such difference would be c««r i 
occasioned entirely by difFerence of longitude : the event is "" 
the same for all places — It is a paint in absolute time. 

Thu8 any wngle event marks a point in absolute time. If *j'fi'"jj 
the same event is observed from different localities, the diife- ^^ ^,^^^ „r 
rcnce in local time will give the differenie in longitude. But event!. 
a paftci clock ia a noter of events, it marks the event ^ J^^^^ ^^ 
of noon, the event of sunrise, the event of one hour after eveMi, when 
noon, &c. ; and if we could have perfect confidence in this [,'^,""p™' 
marker of events, nothing more would be necessary to gi\i' us „(«. 
the local time at a distant place. The time, at the jilafe 
where we are, can be determined by the altitude of the sun, 
or a star, as we have just seen. But, unfortunately, we can- 
not have perfect confidence in any chronometer or clock; and 
therefore we must look for anme event that distant observers 
can see at the same lime. 

The passage of the moon into the earth's shadow is such EdipsMa.. 
an event, but it occurs sn seldom as to amount to no practical ^.^.^^ ' ^^^ 
value. The eclipses of Jupiter's satellites are such events, aisoiuw 
but they cannot be observed without a telescope of consider- "^^'^J'^' 
able power, and a large telescope cannot be used at sea. poses ihej 
Hence these events are serviceable to the local astronomer ^^^^°' i""' 
only ; the sailor and the practical traveler can be little bene- 
fited by them. The moon has comparatively a rapid motion 
among the stars ( about 13° in a day ), and when it comes to 
any definite distance to or from any particular star, that cir- 
cumstance may be called an event, and it is an event that can 
be observed from half the globe at once. 

Thus, if we observe tliat the moon is 30° from a particular T*^^"'""" 
star, that event must correspond to some instant of aisoliile „^(,„j ,h, 
time; and if we are aufficiontly acquainted with the moon, >ia">m»yi" 
and its motion, so as to know exactly how far it will be from ^ ^ j^^j^, 
certain definite points (ttars) at the times, when it is noon, miving 
3, 6, 9, &e., hours at Greenwich, then, if we observe these ^kin/ "^t 
events from any other meridian, we thereby know the Green- loicu lim* 
wjch time, and, of course, our longitude. 

Finding the Greenwich time by moans of the moon t angu- 
i«r distance from the sun or stars, ie called toiimj' tr lunar; 
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If. 1. and it is probably the only reliable metto^ for long voy&ge" 
at sea. 

If tbe motion of our moon had been very slow, or if the 

earth had not been blessed with a moim, then the only 

methnda, for sea jjuvposes, would have been ohronometers and 

dead reckoniriff. For a pra^tifaJ illustration of the theory of 

luiiars, we mention the following facts. 

rn°ii" ^" ^ ^^^ journal of 1823, it is stated that the distance of 

el bj the moon from the star Antarea was fnand to be M° 37' b", 

""P'"' when the obsen'tUion was properly redvced to the center of the 

earth, and the time of observation at ship was September 

IGth, at 7h. 24m. 448. p. m. apparent tiico. 

By comparing this with the Nautical Almanac, it was 
found that at !* p. m., appaitnt time at Greenwich, the dis- 
tance between the moon and Anfares was 0C° 5' 2", and at 
midnight it was C7° 35' 31"; but the observed distance was 
between theae two diatanees, therefore the Greenwich time 
waa between 9 and 12 p. m., and the time must fall between 
9 and 12 hours in the same proportion aa GG° 37' 8" falls 
betwecQ the distances in the Nautical Almanac; and thus an 
observer, with a good instrument, can at any moment deter- 
mine the Greenwich time, whenever the moon and stars are 
in full view before him. 

The moon, in connection with the atars in the heavens, 
may be considered a public clock ( quite an enlargement of 
the town-clock), by which ceitain persons, who understand 
the dial plate and the motion of the index, and who have the 
necessary instrument, can read tbe Greenwich time, or the 
time corresponding to any other meridian to which the com- 
putations may be adapted, 
bierved The angular distances from the moon to (he Bun, stars, 
""difc "-^^ planets, as put down in the Nautical Almanac, corre- 
1 ai sponding to every third hour, are distances as seen from the 
'*°™ center of the earth, and when observations arc taken on tb 
irth. surface tbe distance is a little different; the position of tk 
moon is affected by parallax and refraction, the aun or atai 
^i^j by refraction alone; and therefore a reduction is necessary, 
loe. which is called clearing the dialanee. This is done by spheri- 
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PROPORTIONAL LOGARITHMS. ?5 

cal trii-nnoraetry The distance between the moon and star ^""' ' 

bd dhwbdi d 

Th d m h h d d 

whhd ni d aphal g 

mwh j^bhbpdT 



and the third side, <,omputcd, is tbe Irm distance. 

An immense amount of labor baa been expended by matbe- 
matieians, to bring in artifices to abbreviate the computation 
of clearing lunar distances ; and they have been in a measure 
Buceessful, and many apoeiol rales have been given, but they 
would be out of place in a work of this kind. 



I y r <■ 1 1 t my th J p 

p t 1 p bl m t h 1 d d th t i 

m tly ur bl t w dd b y t d us m t 

t p d tbm t lly w th f t t 1 g 

thm d t p p d 1 f 1 g tbm y PP 1 

t ly 11 d propo nal I g kms 

Th t 1 1 f p p rt 11 tl m mm ly rr p a 
t h ft rO t t th h ur f I m 

Tb t bl th b k p d t b t t m 

3600 d f h t T pi th t 

tion and use of a table of proportional logarithms, we propose 
the following problem : 

At a certaiTi lime, the moon's htmrly motion in longitude woe 
3-5' 17"; how mitch would it change its hngitade in l^m-IZa-'i 

Put X to represent the required result, then we have tbe 
following proportion ; 

60 : 13 23 : : 33 17 : *; 
Or 3600 : 13 23 : : 33 17 : *. 

Divide the first and second terms of this proportion by the 
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CHif,^. second, and the third and fourth by the third, then we havs 
3600 X 

13.23 '■ ^ '■ '■ *^ ■ 33.17 

Divide the third and fourth terms by a^, and multiply tha 
same t-emis hy 3600, and the proportion beooraea 

3600 3600 3600 

13,23 r ■ "SOT" 

Multiplying extremes and means, uMng logarithms, and re 

membering th&t the addition of logarithms performs multipll- 

lation, 

_, , , 3600 , /3600\ , , /3600\ 

Then we have log. -^ = log. (^g^j + log. {^-^^j. 

By the construction of the tahle, the proportional logarithm 

of I" is the common logarithm of — -^ — ; of 2" is the com- 

mon logarithm of -^ ; of 3 ,s -^. &c.. to 3— ■ 

henoe the proportional logarithm of 3600 is 0. 
We now work the problem : 

13 23 - - - P. L. 6516 
33 17 - - - P. L._ 2559 

Result, - ." 7 25^ - - - PL. 9075 

Eiimiilci EXAMPLES FOR PRACTICE. 

strste «it 1. When the sun's hourly motion in longitude is 2' 29", 
loiioai uti- „|]^t jg jtg ehanae of longitude in 37 m. 12 a. ? 
r.'.Xjr,: An..r32".6. 

™'- 2. When the moon's declination changes 57".2 in one hour 

what will it change in 17 m. 31 s. 1 Ana. 16".8, 

3. When the moon changes longitude 27' 31" in an hour, 
how mach will it change in 7 m. 19 s. ? Ans. 3' 21". 

4. \VTien the moon changes her right ascension 1 m. 58 s. 
ID one hour, how much will it change in 13m. 7s.? 

Ars. 25" .8. 
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PROPORTIONAL LOGARITHMS. 

N. B. This table of proportional logarithms will solve any 
proportion, provided the first term is 60. or 3600 ; therefore, 
when the first term is not 60, reduce it to 60, and then use 
the table. 



1. If the aun'fl declination changes 16' 33" in twenty- fuu 
hours, what will be the change in 14 h. ISm.? 

Statement, ■ 
Or, ] 

Or, 60 ! 85.45 :: 16' 33" ■"* 

16' 33" P. L. 6694 

35- 45" P. L. 2249 

Ans. 9' 51".5 P. L. 7848 

2. If the moon changes her declination 1° 31' in twelve 
hours, what will be the change in 7 h. 42 m.? Ans. 58', 

Conceive degrees and minutes to be minutes and seconda, 
and hours and minutes to be minutes and seconds. 

When 60 minutes or 3600 seconds are not the first term of 
a proportion, the result is found by taking the difference of 
the proportjonal logarithms of the other terra for the P. L. 
of the sought term, as in the following example : 

The moon's hourly motion from the mrt it 26' 30", what 
time vAtl it require to gain 30" 1 

Statement, 26' 30" : 60m. : 30" : x 



Product of extremes, 

Result. 

a. The equation of time 1 

day, was 6 m. 21 a. ; the nex. .~j , -, . „ 

what was it corresponding to 3 h 42 m. p. u., in longitnde 
74° T»eBt, on the same day! Ans. 6 m. 29b. 



30 


p. L. 


2.0792 


60 


m. P. L. 


0.0000 
2.0792 


26 


30" P. L. m\ 


. 3549 


In 


.7 b. p. L. 


1.7243 


noo 


n, Greenwich, 


n a certa: 


ay. 


!it noon, it was 


6 m. 43 s. 
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STRONOMY, 



lAPTER II. 



GENEEAL PROBLEM. 

Given, the motions of sun and moon, to determine their apfn 
,1 rent positions at any given time ; from which results their appa 
"■ retU relative situations, and the eclipses of Ihe sun and tnoon. 
" This problem eorera two-thirds of the science of astronomj 
p. and icicludos many raiuor probltms ; therefore a brief or hastj 
solution must not be expected. 

From the foregoing [lOrtions of this work, the reader is 
supposed to have acquired a good general knowledge of the 
solar and lunar motions, and the tables give all the particu- 
lars of sach motions; and all the artifices and ingenuity that 
astronomers could devise, have been employed in forming and 
arranging these tables, for the double purpose of facilitating 
the ooiaputations and giving accuracy to the results. 

The tables, in general, must be left to explain themselves, 
and the mere heading, combined with the good judgment of 
the reader, will furnish sufficient explanation, in most in- 
Btanees : but some of them require special mention. AH tht 
tables are adapted to mean time at Greenwich. 



A *»■)■ gt- Table IV contains the sun's mean longitude, the longi- 
"mpioiier ''"^'^ "^ ''^ perigee (each diminished by 2°), and the ArgU' 
iive.,pimn«. ments* for some of the small ineiiualities of the sun's appa- 

lisn at ihe ^^^^ motion, 

BiplariiHoii ■ The term, amuwent, in astronomy, means nothing more Ihan I 

tf Ihe lerai corregponden^e in quantities. Thus, each and every degree of tha 

•Tfnmeni. gun's longitude eorreaponds with a parlicular amount of deelinatien \ 

and theraforo, a table coulil lie formed for the declination, and the ar- 

jumenl wonld be the sun's longitude. 

The moon's horiiontal parallax and Bemidiameter vary together, 
and each minute of paralliix corresponds to a parlicular amount of se- 
mldiameter; hence, 8 table can bo made for finding the semidiametet, 
Hnd the Hrgument^ would be the horizontal parallax. But the hori- 
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i.\PlAN4T10NOF TABLES 

Argume t I torresp ds to the action o tl e ra o \r c 
gun ent II to tl e act of J p tor A gumont III t Ve 
sad \rgura t N s t r the equation of t! e tquiBoses 
and e rresi on Is w th the [ ns t ot the moon s no le and 
by nap ng tl e colu nn n the tahle t will be j erceived 
that the arj ne t rune rou d the cir le i a httle mor than 
e gl teen years as t sh uld a d t! « bj je t on me ca 
obta n an 1 s gU as to the per d of anj dr^^um nt a tl e 
eolar or lunar tables 

The object of d m s g the mean ]o g tude and pe gee b 
of the Bun by i° s t nd r the equat on ot the e ter 1 "^ 
wajs add t e tor f ° ar tak fr m t e 1 g tudo anl ° 
added t the equat u of th e t r the on 1 at of the 
quantities will bo the same as before; and, as the equa- 
n of the center is always less than 2°, therefore, 2° added 
its greatest minus value, will give a positive result. By 
3 sarao artifice all equations may be rendered always poai- 
■e. The 2°, taken from the mean longitude, are restored by 
adding 1° 59' 30" to the equation of the center, and 10" to 
each of the other equations ; hence, to find the real equation 
of the center corresponding to any degree of the anomaly, 
subtract 1° 59' -S" from the quantity found in the tabic. 

Table XI, shows the time of the mean new moon, &c., 
in January, diminished liy fifteen hours, to render the correc- 
tions always additive. The fifteen hoars are restored by add- 
ing 4h. :iOm. to the first equation, 10 h. 10 m. to the second, 
10 m. to the third, and 20 m. to the fourth. 

Argument I, corrects for the action of the sun on the lunar 

lontal parallas and semWiameter of the moon depend (not solely) on ths 
moon's liiatanee from ita perigee; hence, a table can be formed giving 
both horizontal parallax and semiiiiameler; which arguments are the 
anomaly. In other words, an argamont may be called an indei, and 
when the argumenta correspond to points in a circle, ot lo the differ- 
ence of points In a circle, Ihe circle may he considered as divided Into 
1000 or 100 parts, then 500, or 50, as Ihe case may be, would corre- 
spond to half a circle, and so on in proportion. This mode of dividing 
the circle ha* been adopted, with certain limitations, to avoid Iba 
greater Ubot of computing by denominate numbers. 
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"'"'•■ " ■ orbit ; Argument II, corrects for the mean eccentrieitj of tin 
lunar orbit ; Argument III. corrects for tbe different combina- 
tions of the Bolar and lunar perigee; and Argument IV, cor- 
rects for the variation occasioned hj the inclination of tbe 
lunar orbit to the ecliptic; N, shows tbe distaoce from or to 
the nodes. 
. wt^' \L ^^* '^"^ ^"'' moons, calculated by these tables, can be de- 
'vno'diMi " pended upon within /our minuU», and commonly much nearer; 
■■■itioD of iho but when great accuracy is required, the more circuitous and 
Z\M, =J» elaborate method of computing tbe longitudes of both sun 
ind full and moon must be employed. 

Zl«d"'" "^^^^^^ ^^^^' ^^' ^"^ ^V- ai'e naedin connection with 
■ Table XI. 

i>^"u!rL"°" 'T^'^'eXVI, shows tbe reduction of tbe latitude, and also of 
xMt. *li« moon's horizontal parallax, corresponding to the latitude, 

occasioned by tbe peculiar shape of the earth, and the dimi- 
nution of its diameter as we approach tbe poles. The laile 
is put in this place because of the ctrnvenient ymce in lliepage. 

Table XVII, and the following tables to No. XXX, contain 

the arguments and epochs of the moon's mean Jon^tude, evee- 

tioD, Sic, necessary in computing the moon's true place in 

the heavens. 

(f^for'?[I^ "^^^ argument for evection is diminished by 29'; the ano- 

.\^ZT\Z inalj by 1° 59', the variation by 8° 59', and the longitude 

liiada of th, by 9° 44'. and the balances are restored by adding the same 

amounts to the various equations, which, at the same tune, 

renders the equation affirmative, as explained in the solar 

tables. 

The arguments in Table xxxii, are also arguments for pohr 
distance, or latitude, in Table xxviii. Anything like a minute 
explanation of these tables would lead us too far and not 
comport with the d j, f th w k Th f f h t bl 

will be shown by th mpl 

We have carried tl m m t f th a d m 

only to five minut f t m ^a d th ffi t f all 

practical purposes — f w ppt t ytm 

diate minute or se d, bj means of the hourly motionj. 
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PRACTICAL PROBLEMS 



From tit tolar taMes find the sun's 
in langiiude, dedinotion, semidia: 
and for a specific example, find these elemenis c< 
meantime, at Qreemoick, 1854, May 26 d. 81i. 40 ni. 

To find the sun's declination, spherical trigonometry gives 
us the foUoming proportion: (Eq. 20, page 231.) 

As radius 10,000000 

Is to sin. of O's Ion. (65= 12' 15") - - 9.957994 
So is sin. of obliq. of the eclip. ( 23° 27' S2") 9. 599900 
To sin. declination N., 21° 10' 54" - - 9.557894 

In nearly all astronomical problems, time is reckoned from 
noon to noon — from hour to 24 hours. 

When the given time is apparent, reduce it to mean time, 
kod when not at Greenwich, reduce it to Greenwich time, by 
applying the longitude in time. — ( This is necessary because 
the tables are adapted to Greenwich mean time. 1 

From Tahle IV, and opposite the given year, take out the 
whole horizontal lino of numbers ( headed as in the table ), 
and from Tables V, VII, VIII, taie out the numbers corre- 
sponding to the month — day of the month — hour and 
minute of the day, as in the following example. 

Add up the perpendicular columns, as in compound num- The m 
bers, rejecting eidire circles in every column, and the sums or f^'^""^' 
surplus, as the case may he, will give the mean values of all ^t point 
the quantities for tie given instant. ""'" '" 

Subtract the lon^tude of the perigee from the menn Ion- „^. 
{itude, and the remainder will ho the mean anomaly; wbiob te 
the aTgument for the equation nf the center. 

With the respective arguments take out the corresponding 
equations, all of which add to the mean longitude, and the 
trae longitude of the sun from the mean equinox will bo found. 

With the argument N * take out the equation of the eqni- 

• Tho reason why N Is not applied with the other eqaaUonr H W 
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noses from Table X, and applj it according to its eign, ■ 
the rusult will bo the true longitude from the true e^uinoa. 



9 8 48 48 

3 28 16 40 

24 38 28 

19 43 



2 2 5 18 
1. of center Si 6 42 



2 5 12 31 
Eq. of the equinox — Hi 



Lon. Perig. 
9 8 25 29 



25 53 
4 23 39 25 = iMcan a 



L 


rr. 


TTT. 


N 


073 


998 


90?. 


809 


iiH 


301 


20H 


18 


«44 


(>3 


43 




1) 











987 


362 


Ul 


831 1 



,n.dj. 



's hourly motion 
Hem idi a meter, 



5 12 15 

To find the equaiion of time lo gnat accunicy. 

By equation 21, page 231, we find t 

the sun's R. A., - . . - fi 
Subtract this from the sun's Ion., - 
Equatorial point is wetl of mean east- 
ward motion by ... 

Prom the equation of the center, afi 

just found, ... 

Subtract the constant of the table, 
The sun eaat of its mean place. 
Subtract (i) from (« ) because one 
t, the other west, and we 



63 16 10 
65 12 15 



l°56'5"(o 



1 7 12 (6) 



: he 



Tl s 
equat 
the n 



t d nto t me gives 
e at th s s ant and the 



May add the eq at n of t 



48' 53" 
15.5 s. for the 
rill not come to 
1 b t 3m. 15is. afterward 
i].pa nt time, in the month of 
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PIIACTICAL PROBLEMS 

Thus, in general, wo can determine the esact amount of i 
the equatioa of time, by means of the two ares ( a ) and ( 6 ) 
( which are roughly tabulated on page 96 ), and, without 
strictly scrutinizing each particular case, wc can determine 
whether we are to take the sum or differerice of the arcs by 
inepeeting the table on page 96, or hy referring our results to 
some rcspei-tahle calendar. 

EXAMPLE. 

2. What will be the sun's longitude, declination, right as- 
cension, hourly motion iu longitude, semidiameter uf the sun, 
and equation of time corresponding lo 20 minutes past 9, 
mean time at Albany, N. Y., on the 17th of July, 1860 'i 

N. B. At this time the sun will be eclipsed. 

Ana. Lon. 114° 38' 21 ' ; Deo. 21° 12' 48". 

R. A., in time, 7h. 4Gm. 15s. ; Eq. of time to add to apparent 
time, 5m. 4C.2s.; hourly motion in Ion., 2' 23"; S. D., 15' 45.6' . 

PliOULEM II. 

From Tables XT, XII, and XIII, to find the approximate time 
of new and full moons. 

Take the time of now moon, and its arguments, from Table 
XI, corresponding to January of the given year, and take 
as raa ly lunations, from the following table, as correspond to 
the number of the months after January, for which the new 
moon is required; add the sums, rejecting the sums corre- 
sponding to whole oireloB, in the arguments, and in the column 
of days, rejecting the number corresponding to the expired 
mouths, as indicated by Table XIII ; the sums will be the 
mean new moon and arguments for the required month. 

When a full moon is required, add or subtract half a luna- 
tion. Sometimes one more lunation than the number of the "' 
month after January, will be required to bring the time to ct 
the required month, as it occasionally happens that two luna- ^' 
tions occur in the same month. '° 

Apply the equations corresponding to the different argu- at 
mentB taken from Table XIV, and their sum, added to the 
mean time of new or full moon, will give the true mean time 
of new or full moon for the meridian of Greenwich, within 
four minutes, and generally within two minutes. 
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ASTRONOMTT. 

For tbe time at any other meridian apply the time cone 
Bponding to the longitude. 

EXAMPLES. 

I. Required the approximate time of new moon, in May, 
1854, corresponding to the day of the month, and the time of 
the day, at Greenwich, England, Boston, Mass., and Cincin- 
nati, Ohio, 



Ja.„«,y. 


Mean 


N. Moon. 


I. 


II. |III. IV. 


N. 


1854, 
Four Luna. 

Tahle XIII. 


27d 
118 


18h. 14m. 
2 56 


0761 
3234 


1168 19 04 
2869 61 96 


668 
341 


145 
120 


21 10 


3995 


4037 80|00 


CU9| 


N Bhowa an ecllpee of the 
sun — visible in tliB United 
Stat«9. 


ir. 

III. 
IV. 


25 


21 10 

6 46 

4 14 

17 

20 


May. 


26 


8 47 









New ® mean time at Greenwich, 

Boston, Longitude, - - - 4 44 

New ® Boston time, - - - 4 3 

Cineiatiati, Longitude from Boston, 53 

New © Cincinnati time, - - 8 10 

2. Required the approximate time of full moon, in Ju/y. 
1852, for the meridian of Greenwich, and for Albany time, 
New York. 



Jannary. 


Mean N. Moon. 


I. 


n. in. rv. 


N. 


1852, 
Five Luna. 
Half Luna. 


20d. llh. 53m. 
147 15 40 
14 18 22 


0549 
4042 

414 


3239 38 27 
3586 76 95 
5359 58 60 


538 
426 
43 
007 


Tah. 13.Bi9. 


182 21 55 

182 


4996 


2184 72 72 


The column N ehowa that 
the moon le very near her 
node. There will be a total 
eclipae of the moon— invisl- 
Ue tn the United States. 


July, 

li. 
in. 

TV. 


21 55 

4 21 
42 
17 
10 

1 S 25 


July. 


Mean 


ime at Green w 


eh. [ 
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ECLIPSES. 

Full O Greenwich time, - - 3h. 25iii. p. m. cbai. 

Albany, Longitude, - - - ^ ^ 

Full O Albany time, - - - 10 30 i. m. 

Thus we can compute the time of new or fuU moon for any 
month in any year; but, as the numbers for the arguments 
correapond to mean or average motions, and cannot, without 
immense care and labor, be corrected for tlio true, variable 
niotijns, the results are hut approximate, as before observed. 

ECLIPSES. 

Eclipses take place at new and full moons; an ecKpse of wh«. 
the sun at new moon, and an eclipse of the moon at full "^ 
moon-, hut eclipses do not happen at every new and full 
moon; and the reason of this must be most clearly compre- 
hended by the student before it will be of any avail for him to 
prosecute the further investigation of eclipses. 

If tlie moon's orbit coincided with the ecliptic, that is, if ^^^^ 
the moon's motion was along the ecliptic, there would be an „te 
eclipse of the sun at every new moon, and an eclipse of the '•"•r" 
moon at every full moon; but the moons path along the ce- 
lestial arch does not coincide with the sun's path, the 
ecliptic ; but is inclined to it by an angle whose average value 
is b° 8', crossing the ecliptic at two opposite points on the 
apparent pelestn! sj here, which Jre called the moon's nodes. 

K the mom s p ith were kss inclined to the ecliptic, there wh.i 
would be more eclipses in any given number of years than ^^ ^'J 
now take place If the mjon s path were more inclined to whaif. 
the ecliptic than it new is there would be fewer eclipses. ""''' 

The time ff the jcd,r m which eclipses happen, depends on 
the potitum of the mojn s nod •! on the ecliptic; and if that 
position were alwa-\8 the sime the eclipses would always 
happen in the same months of the year. For instance, if the 
longitude of one node was 30o, the other would be in longi- wi 
tude 30-{-180, or 210°; and, as the sun is at the first of ^^^^ 
those points about the 20th of April, and at the second about pr™ i 
the 20th of October, the moon could not pass the sun in r^^^ 
these months without coming very nearly in range with it, of 
wuro!, producing eclipses in April and October 
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For a, clearer illustration, w* 
present Fig. 52: the right line 
through the center of the figure, 
represents the eqiiator,the curved 
line TSBifi, crossing the equa- 
tor at two opposite points, re- 
presents the ecliptic; and the 
curved line g « Q represents 
the path of the moon crossing 
the ecliptic at the points Q and 
Q; the first of these points is 
the descending, the other, the as- 
cending node. 

As here represented, the as- 
cending node is in longitude 
about 210° and the descending 
node in about 30°; which was 
about the situation of the nodes 
in the year 1846, and, of course, 
the eclipses of that year must 
have been, and really were, in 
April and October. 

The sun and moon at con- 
junction are represented in the 
re a little after the sun 
passed the northern tropic, 
which must bo about the first of 
August; and it is perfectly evi- 
dent that no eclipse can then 
take plicc, the moon running 
past the sun, at a distance of 
ahoMt^ve deffrees south; and at 
the opposite longitude, the mooii 
must pass about ^ve d^rtet 

The moon's nodes move back- 
ird at the mean rate of 19" 
y per year; hut the sun m(pvea 



,y Google 



ECLIPSES. 

OTer 19"^ in about twenty dajs; tlierefore, the eclipses, on •^' 
ftn average, must take place about twenty days earlier each 
year, or at intervals of about 346 days. 

In May, 1840, the moon's ascending node was in longi- 
tude 216°; in eight years, at the rate of 19° 19' per year. 
it would bring the same node to longitude 61° 28'. The sun 
attains this longitude each year on the 23d of May; there- 
fore, the eclipses for 1854 must happen in May, and in the 
opposite month, November. 

In computing the time of new and full moons, as illustrated ''"' 
by the preceding examples, the columns marked N, not hith- lu^i 
erto used, indicate the distance of the sun and moon from 'i'^ 
the monn's node at the time of conjunction or opposition. 

The circle is conceived to be divided into 1000 parts, com- Er 
raeneing at the ascending node ; the other node then must """ 
be at 500; and when the moon changes within 37 of 0, or aion 
."^OO, that 1% 37 of either node, there must be an eclipse of"''' 
the sun, seen from some portion of the earth. When the 
distance to the node is greater than 67, and less than i>3, 
there may he an Pclipse, but it is doubtful: we shall eipJain 
how to remove the doubt in the next chapter. 

When the moon fulls within 2-5 divisions of either 
node, there must be an eclipse of the moon : when the dis- 
tance is greater than 25, and less than 35. the case is 
doubtful; but, like the limits to the new moon, the 
doubts are ea=iily removed We repeal, the ediptie I mtt „ 
far eclipses of the sun ore 53 and 37 : for eclipses ofth m ore 
Oit Umiis are 35 and 25. Hence, in anv long period of t me ,„^ 
the number of eclipses f the sun s t the mber of e 1 p es 
of the moon as 53 to 35 

In the same period of t n e «i m ne 1 u dred years, there 
will be mo e v s ble eel pses of the mo n tl an f tl e sun ; for 
every eel pse of the moon is v ble over half the world at 
nee wh le an e 1 pae f tl e sun s v s hie onl over a very 
small port on of tl e ea th tl eref re as s en fr m any one 
place there are more eel psea of tl e mo n tl an of tl e sun. 

I the prcced p: esaraples the columns N are far within 
il 1 m ts a d of CO e 1 e m at be a cl j e of the 
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chif. II, gun Qu tiie 26th of Maj, 1854, and an eolipBe of the moon id 
~ July, 1852. 
How we ^a j^ ia jji -^^i„g 9^ 3,t the time of new moon, in May, 1854, 
eciijHBoruie 'f showH that the moon will then have passed the ascending 
sun will hup. node, and be north of the ecliptic, and the eclipse must be 
seihof'May' visible on the northern portions of the earth, and not on the 

ISM, and southern. 

c^" >r "* When the moon changes in south latitude, which will be 
we learn UiM shown by N being a little more than 500, or a little less than 
It will bu an lOQQ^ i^g corresponding eclipse, if of the sun, will be visible 
loaa Bonh. on Some southern portion of the earth, and not visible in the 
emportiooof northern portion; and if of the moon, the moon will run 
through the southern portion of the earth's shadow. 

Table B,p.31. shows the moon's latitude, approximately cor- 
wiijiindi- responding to the column N; or N i3 the argument for the 
caur itii I latitude, and the heading of the argument columns will 
will <!• .iii. show whether the moon is ascertdvng to the northward, or de- 
tte It .me icending to the southward. 

leart, , «r. ,pj^g ^^y^g j^^^ -jjyj ^p xvni, together with the solar 
>k.-k tables, will give approximate values of the elements necessary 

for the calculation of eclipses ; and if aeeurate residia are not 
«q>ected, these tables are sufficient to present general princi- 
ples, and give primary exercises to the student in calculating 
eclipses ; but he who aspires to be an astronomer, must con- 
tinue the subject, and compute from the lunar tables, far- 
ther on. 

The times, and the intervals of time, between eclipses, de 
pend on the relative motion of the sun and moon, and tha 
motion of the moon's nodes. The relative motion of the sun 
and moon is such as to bring the two bodies in conjunction, 
or in opposition, at the average interval of 29d. 12 h. 44 m. 
S a., and the retrograde motion of the node is such as to bring 
the sun to the same node at intervals of 346 d. 14 h. 52 m. 
16 s. Neglecting the seconds, and conceiving the »«n, mmm, 
and no/le to be together at any pmnt of time, and after an un- 
known interval of time, which we represent by P, snp- 

p 
poB6 them together again. Then .70" 7 9 ' 44 i^presents tha 
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number of returns of the lunation to the node iii the time 
P, and the eapresBion o Vfi id ~<9 fepreBentB the number of „ 
returns of the sun to the node in the same time. Eacn re- „ 
turn of either body to the node is unity; therefore, these ex- " 
presaons are to each other as two lekole mmiers; saj aa tw 

to n; thatia, 39 12 44 ' 346 14 52 ' ' *" ' ' 



(2y"l2 44)~(346 14 5-2)' 
(346 14 62)«=(29 12 44)m -.-(■) 
n_ 29 12 44 
ra~346 14 52' 
to minutes, and dividing numerator and denorai- 

m 10631 ..,.,,, .■ ■ • 
nator by 4, we have —=Tq r,ov ^^ *"'^ ^"^^ fraction is ir- 
reducible, and aa m and n must be whole numbers to antwer 
the assumed eondiiitm, therefore, the smallest whole number 
for m is 124783, and for n is 10631; that is, as we see by 
equation (a), the *a», moon, and node will not be exactly to- 
gether a second time, until a lapse of 1247&3 lunations, or 
10631 returns of the sun to the same node ; which require a 
period of no less than 100f<8 years and about 107 days. Wp 
say about, because we neglected seconds in the computation, 
and because the mean motions will change, in some slight de- 
gree, through a period of so long a duration. 

This period, however, contemplatKS an exact return to the Thiipenoa 
same positions of the sun, moon, and earth, go that a line ^,^ai:j<i m- 
drawn from the center of the sun (o the center of the moon pombihito^ 
would strike the earth's axis in exactly the same point; but 
to produce an eclipse, it is not necessary that an exact return j,j^,j(,j„. 
to former position should be attained; a greater or less cidsncetnm 
approximation to former circumstances will produce a greater " i^pps"- 
or less approximation to a former eclipse: but exact coinci- 
dences, in all particulars, can never take place, however long 
the period. 

To determine the time when a return of eclipses may hap- 
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*•■ "■ pen { particularly if we reckon from the most favorable posi- 
' lo tiona — ttat is, commence with the suppoHlion that the sun 
• '°'" moon, and node are together ), it is sufficient to find the first 

,. approximate val es of t! e fract on ,— j^-o^ If we fi d he 

Bucoeasire apj x n te fr c ons by tl e rule of continued 
fraefions,* we sha I have the s cces ve pe ds of eel p e 
which happen about the san node ot th mo 
The approi na n^ fract ons are 

J: 1 1 1 iL ^^ 

n I JT 4 2 i Wl 

"•■of These tract na show that 11 lunat b fron the t n p an 
" Uh eclipse oe rs we nay look for an tl er but f not at 11 it 
1 ii will be at 1 and t maj 1 e at b tl 11 ^ d 1 1 at ons 
^ ^ and at five or s i 1 at na we shall find eel j so at the tl 
node, and the same success on of pen ds oc u s at both 

To he more certa n of the t me when an eel ] se w 11 occur 
we must take S5 lu at ns from a prcccd ng eel pao wh ch 
period is lOS^davslSl 40 and tie sun i tl at f e s 
about 6° 40 farther f om or ne er to the nod tl a bel re 
— and, if the c unt a fro n the aaeend g no le 1 e moon s 
latitude is ab t S'- f rth r s th tl an hef re and fr n 
the descend ng node the moo is ab ut the s me dst e 
farther no th 

The do ble of 11 1 and 35 lu at ns fr n any eel pse 
may also bring an eclipSL. 

If an eclipse occurs within 10° of either node, it is certain 

that eclipses will again happen after the lapse of 47 lunations. 

efei. The period of 47 lunations includes 1387 d. 22 h. Sim., 

1°°^^ and 4 revolutions of the sun to the node include 1-386 d. 

4° of 11 h. '29 m. ; the diff'erence is 1 day 11 h. 29 m. ; but in this 

■- time the sun will move, in respect to the node, 1° 32 and 

■ome seconds; therefore, if the first eclipse were exacdy at the 

node, the one whioh follows at the expiration of 47 lunatiooi, 
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or 3 years ai.d nearly 11 months afterward, would take place 3"»». <i 
P 32' short of the same node; and if it were the asecnditifr 
node, the moan's latitude would be ahnnt 8' 40" south, and 
if the descending node, about 8' 40" more to the north. 

The period, however, which is most known, and the most 
remarkable, appears in the next term of the series, which 
shows that 223 lunations have a very close approximate value 
to 19 revolutions of the hiin to liie node. 

The period of 223 lunations includes f)r)S5.32 days, and 19 
returns of the sun to the same nude require 6585.78 dajs, 
showing a diffetence of only a fraction of a day; and if the ^^^^ ^^'^ 
sun and moon were at the node, in the first place, they would omen tailed 
be only about 20' from the node, at the expiration of this ^" ^'"^ 
period, and the difference in the moon's latitude would be 
less than 2', and therefore the eclipRe, at the close of this 
period, must be nearly the same in ma^^nitude as the eclipse 
at the beginning; and hence the expression 'a return of the 
eclipse" as though the same eclipse could occur twice. 

This period was discovered by the Chaldiean astronomers, b, thispo 
and enabled them to give general and indefinite predictions ^^^^ , ^^^_ 
of the eclipses that were to happen; and by it any learner, man prejic. 
however crude his mathematical knowledge, can designate the '"■" ' 
day on which an eclipse will occur from simply knowing the 
date of some former eclipse. The period of 6585 days is 18 
yeara, including 4 leap years, and 11 days over, therefore 
from any eclipse, if we add 18 years and 11 days, we shall 
come within one day of the time of an eclipse, and it will be 
an eclipse of about the same magnitude as the one we reckon 

For the purpose of illustrating the method of computing * mBBiaij 
lunar eclipses, we wish to find the time when some future „,,„„. ^^ 
eclipse of the moon will take place; and from the American iime "h»« 
Almanac of 1833, we find that an eclipse of the moon took J^"„(7™^ 
place on the 1st day of July of that year, therefore "are- 
Ittm of this eclipse" must take place on the 12th of July 
1861. 

By a simple glance into the American Almanac for the 
year 1834, we find a total eclipse of the moon on the 21at of 
18 
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, June — therefore, on the first of July 1852, or at the time 
that the moon fulls on or ahout the first of July, there roost 
be a large eclipse of the moon, visible to all places from where 
the moon will then be above the horizon ; and furthermore, 18 
years and 11 days after this, that ia, in the year 1870, on the 
12th day of July, the moon will be again eclipsed ; and, in 
this way, we might go on fur several hundred years, but in time 
the small variations, whioh occur at each period, will gradu- 
ally wear the eclipse away, and another eclipse will as gradu- 
ally come on and take its place. 

In the same manner we may look at the calendar for any 
year, take any eclipse, that is anywhere near either node, and 
ruu it on, forward or backward. 

Let ua now return to the eclipse of July 12th, 1851. 
lis To decide all the particulars concerning a lunar eclipse we 
"' must have the following data, commonly called elements of 
the eclipse: 

1. The time of full moon. 

2. The semidiameter of the earth's shadow. 

3. The angle of the moon's visible path with the eciiptifl. 

4. Moon's latitude. 

5. Moon's hourly motion. 

6. Moon's semidiameter. 

7. The semidiameter of the moon and earth's shadow 

I'- To find these elements, the approximate time of full noon 
,i_ is found from Table XI, and the tables immediately con 
nected. For the time thus found, compute the longitude of 
the sun from Table IV, and the tables immediately con- 
nected, as illustrated by examples on page 254. 

Compute, also, the latitude, longitude, horizontal parallax 
semidiameter, and hourly motion in latitude and longitude, 
from the lunar tables, commencing with Table XVI, and fol- 
lowing out the computation by a strict inspection of the ex- 
amples we have given {rules, aside from the examples, wouid 
he t^ no avail) ; and, if the longitude of the moon is exactly 
180° in advance of the sun, it is then just the time of full 
moon; if not 180°, it is not full moon ; if more than 180° it 
IS past full moon. 
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It will rarely, if ever, happen that the longitude of the i 
moon will be exai-tly 180° in advance of the longitude of the 
sun ; but the difftreiice will always be very small, and, hy 
means of the hourly motions uf the sun and moon, the time 
of fall moon can be determined by the prcMem oj the couriers.* 

The moun'a latitude must be corrected for its variation, 
corresponding to the variatiin in time between the approxi- 
mate and true time of lull moon. 

To find the semidiameter of the earth's shadow, where the ' 
moon runs through it, we have the following rule : ,„ 

To Ihe taoon's hon;Mnlal parallax, add the sun's, and, from, •' 
tlm mm, suUract the sun's semidiameter. 

This lule requires demnnstratiun. Li't S (Fig. 53) be 



Fig. 53 




the center of the sun, £ the center of the earth, and Pvi a 
small portion of the moon's orbit. Draw p P, & tangent to 
both the earth and sun ; from p and P, draw P E and p E, 
forming the trian \^fE P. 

By inspecting the figure, we perceive that the three d«i" 
angles: 7to 

SEp-i^EP-i^EP=\W. 

Also, the three angles of the triangle, PEp, are, together, 
equal to 180° ; 

Therefore, S Ep+p E P-\-m E P=P^p-i^ E P ; 

Drop the angle, p.S'P, from both members of the equation, 
and transpose the angle SEp, we then have 
mEP=P^p—SEp. 
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But tlie angle, mE P,\s tlie semi diameter of tlie earth'i 
shadow at the distance of the moon; S Ep js the Bemidiame- 
idr of the sun; P, that is, the angle EPp, is the mooc'a 
horizontal parallax; andjnisthe horizontal parallax of the 
sun ; therefore, the equation is the rule just given.* 
" The angle of the moon's visHle path with the ecliptic is al- 
,e wajs greater than its retd path with the ecliptic, and depends, 
L the relative motions of the sun and 



To explain why the real and viaihle paths of the njoon are 
iifferent, let ^ if ( Fig. 64 ) be a portion of the ecliptic, and 
Am a portion of the moon's orbit; then the angle, m,AB, 




is the angle of the moon's real path with the ecliptic. Con 
oeive the sun and moon to depart from the node. A, at the 
same time, the moon to move from A to wi in one hour, and 
the sun to move from ^ to i in the sanje time; join 5 and m, 
and the angle mbB is the angle of the moon's visible path 
with the ecliptic, which is greater than the angle mAB; 
which is the angle of the moon's real path with the ecliptic. 
On this principle we determine the angle in question. 

All the other elements are given direetlj from the tables. 

by lt« cnB-Biillelli part, but we emp batically deny the propri-ty af tht 
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CHAPTEK III. 

PEWAEATIOH ffOR THB COMPDTATION OF ECLIPSES. 

Wb Bh>U now go though the compnl.lioii in full, that it c 
n,«y seiVB for •» eiampls to guide the student in computing ^^ 
other eclipse 



— 


Mea 


N. 


Moon. 


I. 


ir. III. 

S916 40 
4303 92 
6359 58 


IV. 

39 
96 
50 


N. 
431 
511 

43 


1851, 
Six LiiTia. 
Half Luna. 


Id 

177 

14 


14h. 21m. 
4 24 
18 22 


0U88 
4861 
404 




193 

181 


13 


7 


5293 


3578 90 


84 


985 




July, 

li. 
in. 
rv. 


12 


13 
3 

2 


7 
35 

9 
14 
11 


or 0, Ihere must be an eclipse. 
The Bun is 15 ahort of the bb- 
ceiitiing node, and the moon at 
full, being opposite, mast he 15 

and therefore, in north latitude, 


Full ® 


12 


19 


16 


deacen 










We now compute the euti's longitude, tourly motion, and 
lemidiameter for 1851. July 12, 19h. ISin. mean Greenwich * 
time, as follows ; 'i 



1851 


July 
12 d 
19 h 
15m 


M. Lon. 


Lon. Peri. 


I. 


IL 


III. 


N. 


a. ' " 

9 8 32 39 

5 28 24 8 

10 50 32 

46 49 

37 


9 8 22 24 
81 
2 


958 
129 
3T1 
27 
486 


260 

454 

28 



732 


025 
310 
19 

151 


648 
27 
i 


677 


Eq. of cent 

I 

I 


318 34 45' 

r 1 39 38 

10 

18 

I. 20 


3 18 34 45 

6 10 11 48= Mean anomaly. 

O's hourly motion, 2' 28" 
O's semidlametcr, 15' 46" 


Eq. of equi 


3 201511 
101 - 16 


Olo 




3 20 14 55 










1 
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IT. We now compute the moon's longitude, latitude, ieinidi- 
ion ameter, horizontal parallax, and hourly motions for the same 
'"'" mean Greenwich time, as follows: 

FOB TUB LONQITnCB. 

1. Write out the arguments for the first twenty equations, 
and find their sejiarate sums. With these arguments enter 
the proper tables ( as shown by the numbers ), and take out 
the corresponding equations, and find their sura 

2. Write out the erection, anomaly variation, longitude, 
supplement to node, and the several arguments for latitude, 
in separate columns, corresponding to the given time, and 
write the sum of the twenty preceding equa/ums in (ke column of 

3. Add up the column of pvoi'ticm first; its sum will be 
the corrected argument of evection, with which, take out the 
equation of evection { Table XXIV ), and write it under the 
sum of the first twenty equaliims; their sum will be the cor- 
rection to put in the column of anomaly. 

4. Add up tlie column of annmaly, and the sum will 
be the moon's corrected anomaly, which is the argument for 
the equation of the center. With this argument take out the 
equation of tho center from Table XXV, and write it under 
the sura of the preceding equations, and find the sum of all. 
thus far. Write this last sura in the column of variation, 
and then add up the column of variation ; which sum is the 
correct argument of variation, and with it take out the equa- 
tion for variation from Table XXVII. 

5. Add the equation for variation to the sum of all the 
preceding equations, and the sum will be the rorrection for 
longitude, which, put in the column of longitude, and the 
whole addpd up. will e^we the moon's longitude in }wr orbil, 
reckoned from the mean fquinox. 

ion 6. Add the orbit longitude to the supplement of the nude, 
^j' and the sum is the argument of reduction to the ecliptic; it 
led is also the first argument for polar distance. 
'" With the argument of reduction take out the reduetioc 
from Table XXXII, and add it to the longitude. 
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With ngnmonl 19, »*itA « »» •■»»« - " '» "*' •°'" ""^ "T'Jj? 
Uu l»ke out 111. equMion of the eqninoi, and >pplj « •»" 
cording to its sign ; the re.ull will bo the moon's lim (onj.- 
ude nikmed m Iht erfiffc /rem H" '"" "5«»»i- 

FOR TBB LATITDDE. 

Add the same oovreotion ( to its nearest minute ) to eolumn g««.i di- 
ll as was added to the column of longitude, and add its «"^i™ ^ 
value emressed in the 1000th part of a eiiole, to all the tol- „,., ,.«. 
lowing column,, em.pt eolumn X. Add up these columns. "<• 
rejecting thousands (or full eiiclos), and the sums wil bo 
the 5th, 6th, 7th, 8th, 9th, and 10th arguments of latitude. 

The sum of the moon's orbit longitude, and supplement to 
node, is the Irsl argument of latitude. The sum of column 
II is the second argument of latitude ; the moon's true longi- 
tude is the third argument, and the twentieth of longitude is 
tl. fourth argument. Then follow 6, 6, So., up to 10. 
Will those arguments enter the proper Tables, and taio out 
the corresponding equations, and their sum will be the moon's 
true distance from the »ortJ pdt of tin etUflk, and. of eourao, 
,ai be in northlatilude if the sum is less than 90°, otherwise 
in south latitude. 

N. B. Wta lilt Jlnl mgmeid ^ lalilwii u i»«r<r 6 tttna 
Iha 12 ..>«., lit moon i'. ImJin) wullt,- »&» iKumr 12 -V^. 
or 8^, Ihim 6 sigm, il is tendinff north. 

For Iht iqmloriol horixMd paralUa.— The arguments for iji.i.,.. 
Eveotion, Anomal,, and Variation are also argunienH for J,",',,;"." 
horizontal parallai, and with theee arguments take out the ,„ d„..a 
eorrosponding equations from the tables adapted to this •p-» •■■> 
purpose. 

J!br /i5e«em«fiam«(iv,— The equatorial parallax is the ar- 
gument for semidiameter. Table XXXIV, 

For the hourly motion in /owfrtftids,— Arguments 2, 3, 4, and J^^'^'i d^ 
5 of longitude sensiUj afreet the moon's motion; thej are, „„., ,., 
therefore, arguments for hourly motion. Table 36 (the umts b..,i, ^ .. 
and tens in the arguments are rejected). Tate out those ™_* 
equations from table, also take out tie equation correspond- 
ing to the argument of eveotion, Table XXXVH With th. 
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lu- sara of the preceding equations, at the top. a.id the corrected 
anomaly at tbe side, take out the eciuationa froin Table 
SXXVIII. Also, with the correct anomaly, take out the 
equation from Table XX.XIX. With the sum of all the pre- 
ceding equfitions at top, and the argument of variation at the 
aide, take out the equation from Table XL. Also with 
the variation, take the equation from Table XLI. With the 
argument of reduction take out the equation from Table 
XLII. These equations, all added together, will give th( 
true hourly motion in longitude. 
p„. Fw the hmrly molion in latilude.— With the 1st and 2d 
'■'" arguments of latitude, take out the corresponding quantities 
J' from Tables XLIII. and XLIV, and find their algebraic sura, 
ii'e noting the sign; call the result I. 

Thea make the following proportion ; 

"'' »" ■■'■'■■'■■ i^'-- 

the true hourly motion in latitude, tending north, if the sign 
is plus, and south, if nUma. In this proportion L is the true 
motion of the moon in longitude, and the first term is the 
moon's mean motion ; and the proportion ia founded on the 
principle that the true motion in latitude must vary by the 
same ratio as the motion in longitude. 

N. B. Ia computing the moon's latitude we oaution the 
pupil against omitting to add to the arguments II, V, VI, 
VII, Vni, and IX, the same correction as to tbe column of 
longitude ; its value must be changed into the decimal division 
of tbe circle for all tbe columns except column II. 

In the following example tbe correction for longitude ia 
added to column 11, and its value to all the following columns 
except column X. 

We find tbe value in question thus: 

360° : 13° 46' : ; 1000 : x. 

The proportion resolved ^ves z=the number added to 
the several columns. 

But to avoid tbe formality of resolving a proportion for 
every example, we give the following skeleton of a table that 
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may be filled out to any extent to suit the convenience and 
taste of the operator. 

Degrees = decimal parU Degrees = yarte. 



1 5 



2 10 
2 31 



.003 
.004 
.205 
.006 
.007 



I 53 



.010 



3 14 

3 36 

To make use of this 
reotion for longitude 



7 12 

9 

10 48 

12 36 

14 24 

16 12 



.015 
.020 
.025 
.030 
.035 
.040 
.045 



table, we will suppose that the cor- 
particular example is, 11" 21' 25 '; 



what is the corresponding decimal or nimieral part? 
Thus 9° = MB 



We now contJDDe the examples, hoping to follow thcw 

precept!. 
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The moon's longitude, as just computed, will be H 20 15 9 
The sun's longitude, at the same time, will be 3 20 14 65 

The ditference will bo - - - 6 ]4. 

Therefore, at the time for which these longitudes were' 
computed, the moon will be past her fuU by 14" of arc : to 
correct the time, then, we must find how much time will be 
required for the moon to gain 14" ; which, by the problem 
of the couriers, is 

14 14" 14 



t=- 



0.54) — (2.23) 28' 31" ~ 1711' 

'' The unit fnr t is one hour, and the denominator of the frac- 
tion is the difference of the hourly motions of the sun and 
<» raoon, as determined by the tables ; the result is 29 seconds 
" iii time to be snbtracted- 

I, The Greenwich time will be, 1S51, July 12d. 19h. ISm. Oa. 
*■ Subtract - , . 29 

True time of full raoon - - 12 19 14 sT 

But the time given by the lunation table was 19 h. 14 m., 
differing only 31 seconds from the true time ; the approxi- 
mate and true time, however, do not commonly coincide as 
near as this; if they did, none but the most rigid astrono- 
mer would use the lunar tables for the time of conjunction or 
opposition. 

To be very exact we must correct the moon's latitude for 
what it will vary in 31 seconds; that is, in this case, increase 
it 1".5. The moon's latitude, at the time of full moon, is, 
therefore, 37' 13" .4. 

We have now all the elements necessary for computing the 

eclipse, or, at least, we have all the materials for finding 

them, and, for convenience, we collect the elements together: 

a. k m. 1. 

1. True time of full moon, July, - - 12 19 14 31 

2. Semidiameter of earth's shadow 

( page 265 ). - . . . o 39' 39" 

5. Angle of the moon's visible path 

with the ecliptic,* - - - 6 38 26 



* Thb 'b ths anglo of (he base of a right-angled Irlangla, whota bass 
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4. Moon'a latitude N, descending, - - 37 13.4 

5. Moon's hourly motion from the sun, - 28 31 

6. Moou'a semidiameter, . , - 15 4 

7. Secoidiamoter of f) and earth's shadow, 54 43 
Wheuever the moon's latitude, at the time of full moon, ig 

leas than thijj last element, the moon muat be more or lesa 
eclipsed ; and it is by computing and comparing these two ele- 
ments, viz., 4 and 7, that all doiibtfid catts are decided. 

TO CONSTRUCT A LDNAB KCUPSB. 

From any convenient scale of equal parts, take the 7tn ele- whsn 
ment in yow dividers (64 43) = 54a, and from C, as a center ™™.,^ 
with that distance, describe the semicircle Si>^.ff (Fig. 55). ,ttnde i< 
Take CA= the 2d element, and describe the semidiameter';^'*''" " 
of the earth's shadow. From G the center of the shadow, ^,^^^ j_ 
draw On at right angles to B E the ecliptic, above BE when ,o„ih \a 
the latitude is north, as in the present example, but below, |"^^'^*'' 
if south. !)■■ lowi 




Take the moon's latitude from the scale of equal parti, 
and set it off from C to n. Through n draw DnB, the 
moon'a path, so that the lino shall incline to BE, the ecliptic 
by an angle equal to the 3d element. Conceive the moon's 

Is tns hanrly motion nf the mooa from the sun (SS'SI"), and (he per- 
pendicnlar, the moon's hourly motion in Jalitude (3' 49"). Sm 
page 96S, figure 54 
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«*»» m center to run along tlie line from D to H, and from C draw 
Om perpendicular to J) ff. 

When the moon is ascendiiig in her orbit, D Hmu&t incline 
the other way, and Cw, must lie on the other side of Cn. 

The eclipse commences when the moon arrives at D. It ia 
the time of full moon when it arrives at w; the greatest ob- 
scuration occurs when it arrives at m, and the eclipse ends at 
K The duration is the tune employed in passing from D to 
//; and to find the duration apply I) If to the scale, and thus 
TbasUi**- find its measure. Divide this measure by the 5th element, 
inooii'i" **^'^ *^ ^^'^'^ have the hours and decimal parts of an hour in 
lar nioiiiu tiie duration. Also apply Dn to the scale and find its mea- 
ftoB tiw mil gypj. Divide this measure by the 5th element, for the time 
of describing Sn, also divide the measure nfffot the time of 
describing nJI. 

The time of describing Dn, subtracted from the time of 
full moon, will ^ve the time of the beginning of the eclipse, 
and the time of describing nff, added to the time of full 
moon, will give the time whon the eclipse ends. 

With lunar eclipses the time of greatest obseuration is the 
instant of the middle of the eclipse, provided the moon's mo- 
tion from the sun, for this short period of time, is taken as 
uniform, as it may be without sensible error. 

In reference to this example Z>n = 86' and nlf=44'. 
These distances, divided by 28' 31", give lh.14Bi.I6s. for the 
time of describing Dn. and Ih. 32m. 40s. for nff: whole 
time, or duration, 2 h. 27 m. 20 s. 

oii'LTZ" Therefore from Ae time of fuU «) 19 14 31 

«Tied inw Subtract - - - 1 14 16 

Eclipse begins - - - 18 15 

Add the duration - - 2 47 20 

Eclipse ends - - . 20 47 35^ 

Thli sulipH 

E°™pl,''«" That ia,in 1851, Jii]yl2d. 18h. Om. 15 s. mean astrono 

nhj, mioal time, the eclipse begins; but this time corresponds with 

July 13, at 6 h. ra. in the morning; and at this time, the sun 

will be above the horizon of Greenwich, and, of course, the 
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full moon, which is always opposite to the sun, will be below 
the horizon, and the eclipse will be invisible to all Europe. 

In the United States, however, the eclipse will be visiblB; w 
for, at these points of absolute titne, the sun will not have 
risen nor the moon have gone down; hut, to be more definite, 
we demand the times of the beginning, middle, and end of the 
eoltpse, as scon from Albany, N. Y. To answer this demand, 
all we have to do, is to subtract from the Greenwich time the 
di£Ferencc of meridians between the two places, which, in this 
case, is 4h. 55 m.; and the result is, 

Beginning of the eolipae 13 d. 1 h. 5 m, morning. 

Middle . - - - 2 30 

End of the eclipse - - 3 52 

In the same manner we would compute the time for any 
other place. 

For the quantity of the eclipse we take the portion of 
the moon's diameter, which is immersed in the shadow, '" 
at the time of greatest obscuration, and compare it with fo 
the whole diameter of the moon; and in the present ex- 
ample, we perceive, that more than half of the diameter is 
eclipsed — about 7 digits when the whole is called 12, or 0.0 
when the diameter is 1. 

All these results, however, escept the time of full moon, 
are approximate, because we cannot, nor do we pretend to 
constmet to accuracy ; bui any matkemcUician can <Main accaraie 
results by means of the triangles D C H and Cnm, and the 
relative motion of the moon from the sun. 

la the right-angled triangle Cnm, right-angled at m, Cn 
is the ktitude of the moon = 37' IT' A = 2237". 4, and the =' 
angle n Cm = 5° 38' 26" ; with these data we find mn= °l. 
2aO", and Cm = 2212" 

In the right-angled triangle C Dm, or its equal Cm£, we 
Uve - - Cm^+mB^ = CIP; 

Or, - - mB' = CIP-~Cm' , 

Or, - - mlP =(^CH-\.0m){0H—0m). 

OSia the 7th element = 3'283", and Cm = 2212 '.6. 



'/herefore, m 5"= V ( 5495 ) (1071) = 2426' TW* 
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■J^ divided by 1711", the 5th element, gives the time of half 
the duration of the eclipse 1 h. 25 m,; therefore the whole du- 
ration is 2 h. 50nj., whiuh is 2 m. 40 s.morethan the time we 
obtained bj the roti^k conatruclion. 

The distance nm, as just determiued, ia 220", and the time 
of describing this space, at the rate of 1711" per hour, re- 
qnirea 7 m. 52 s., which taken from and aJdcd to the semi- 
duration, gives 1 h.lTm. 6 s. from the beginning of the eclipse 
to full moon, and 1 h. 32 m. 52 a. from the full moon to the 
end of the eclipse. 
"'»«■ For the magnitude of the eclipse, we add the moon's semi- 
jiion diameter in seconds ( 904" ) to Cm ( 2212" ), and from the 
lagoi- auni subtract the aemidiameter of the shadow in seconds 
( 2379 ), and the remainder ia the portion of the moon's di- 
ameter not edipsed. Subtract this quantity from the moon's 
diameter, and we shall have the part eclipsed. Divide thiB 
by the whole diameter,and the quotient is the magnitude of 
the eclipse, the moon's diameter being unity. 

Following these directions.we find the magnitude of this 
eclipse must bo 0.587. 
^ "^ In aO these computations we were guided by the construc- 
,1 tion ; which -will always prove a sv0icient index, and all thai 
' ""■ should he required. 

leui. ^^ ™*y determine, in any case, whether the eclipse will oi 
pal*- will not be total, by the following operation : 

Subtract the ©'s semidiameter from the semidiametcr ol 
the shadow, and if the moon's latitude, at the time of full 
moon, ig less than the remainder, the eclipse wil! be total, 
otherwise not. 

Tojind the duration of total darknsaa. — Diminish the semi 
diameter of the shadow by the semidiameter of the moon, and 
from the center of the shadow describe a circle, with a radius 
equal to the remainder; a portion of the moon's path must 
come within this circle ; that portion, measured or divided bv 
the hourly motion, will give the time of total darkness. 

When the moon's latitude is north, as in the present ex- 
ample, the southern limb of the moon ia eclipsed — and con- 
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CHAPTER IV. 



— OENIltAL AND LOCAL. 

Tbz elements for a, solar eclipse are oomputed In the same (;iup. 11 
raanner as tbe elements of a lunar eclipse; all of which are G.neiai , 
found by the solar and lunar tables. lection. 

The approximate time of new moon is first computed, and „,„„_ 
for this time, compute the sun's longitude, declination, paral- 
lax, semidiaraeter, and hourly motion; and for the same 
time compute the moon's longitude, latitude, hourly motion in 
longitude and latitude, horizontal parallax, and semidiameter. 

If the longitudes of both sun and moon are found to be the 
same, then the approximate time of conjunction ; found by the 
lunation tables, is the same as the true time; if not, we pro- 
portion to the true time, as described in the last chapter. 

The elements for a general solar ecHpae are : 

1. The time of ,i * at some known meridian. 2. Longi- Whii ai 
tude of Q and C>- 3. Q'b declination. 4. ^'a latitude. °"°" ' 
5. O's hourly motion. 6. #'s hourly motion in longitude. 
7. C's hourly motion in latitude. 8. The angle of the #'s 
visible path with the ecliptic. 9. #)'6 horizontal parallax, 
10. C's semidiaineter. 11, Q's semidiameter. 12. 0"s 
horizontal parallax. 

For a local eclipse, the latitude of the particular locality 
must also be given, or considered as one of the elements. 

As we can best illustrate general principles by taking a a deftw 
paiiictUar example, we now propose to show tlie general course """P " •" 
o^ on eclipse of (he suti, which mil occur in May 1854; vi/iere 
it wiU first commence on the earth; in v>hat latitude and longi' 
tude the sun mil he centrally eclipsed at noon, and where ; in 
what latitude and longitude the eclipse will finally leave the earth. 

We speak of an eclipse of the sun being on the earth ; by fiome gtn 
this wo mean the moon's shadow on the earth. If an observer |^°' ''"^'" 
is in the moon'a shadow, of course, the sun would be in an dmIobi 
oclipsc to bim; and, if a tangent line be drawn tietween the 

■Sign ar conjunction 
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' sun and monn, and that line strike the e;o of an ohserrer oa 
the earth, to that observer the limbs of the sun and moon 
would apparently meet, and all projections of eclipses are on 
the principle of lines drawn from some part of the sun to 
soma part of the moon, and those lines striking the earth. 
When no such lines can strike the earth there can he no 
eclipse. For the sake of simplicitj w explaining a projection 
of a solar eclipse, whether it be general or local, an observer 
is supposed to be at the moon, looking down on the earth, 
viewing the moon's shadow as it passes over the earth's diso; 
and, of course, the earth to him appears as a plane, equal to 
the moon's horizontal pandlax. 

The approximate time of new moon will be found com- 
puted on page 254, and, if very close results are not reijuired, 
we may compute the sun's longitude, declination, hourly mo- 
tion, and somidiameter for this time, and take out the moon's 
horizontal parallaS, hourly motion, and seraidiaraoter from 
Table XIY; but we have computed the oleraents more acoa- 
rately by the lunar tables, and find them as follows; 

d. h. m. I. 

1. Greenwich mean time of <J 1854, May 26 8 45 39 
;* 2. Lon. of © and i) - - - 65" 14' 6" 

'"' 3. Declination of the © - - 21 11 43 N, 

4 Latitude of the ti - - , 21 19 N 

'" 5. O's hourly motion in Ion., . - . 2 24 

3. O's hourly motion in Ion., - - - 30 3 

7. i)'s hourly motion in lat., tending north, 2 46 
From 5, 6, and 7 wo obtain 8, as explained 

in the last chapter. 

8. Angle of the moon's visible path o - 

with the eclip., - - - - 5 42 50 

9. The O's horizontal equatorial parallax, 54 30 

10. The O's semidiameter, - - 14 61 

11. The ©'s semidiameter, - - 15 4S 

12. The o's horizontal parallax, always taken at 9 
Subtract the 's horizontal parall^ix from the O 's ; and 

to the remainder the semidiametLis of Q and c, and if 
the moon's latitude is less than this sum, there will be an 
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eclipse, otherwise not,- and it is by comparing this sum with Cu^r, n 
the moon's latitude Ikat all doubtful cases are dedded 

TO CONSTRUCT A GENEKAL XCLIPSE. 

1 Make, or procure, a convenient scale of equal parts, and 
from any point as ( Fig. 50 ) with the radius OB, equal to 
the diflference of the parallaxes of O »"d O (in the pre- 
sent example 54' 21", the minute is the unit }, describe the 
Bemicirolo C B P II, or the whole circle, when the case re- 
(Quires it. When the moon has small latitude (less than 20') 
describe the whole circle ; when the moon has large north lati- 
tude, describe the northern semicircle; when *tMj(A, describe the 
southern semicircle. 

Through Odraw VGDPL perpendicular to .fffi. This 
perpendicular will represent the plane of the earth's axis, aa 
seen from the moon. 

Froin P take PA, P F, each equal to the obliquity of the 
ecliptic 23° 27' 30", and draw the chord A F. 

On AFidiS a, diameter, describe the semicircle ALF. ^^^ ^^ , 

2. Find the distance of the sun from the tropic, nearest to of ihe ec 
it, by taking the difference between the sun's longitude and ' '' 
90° or 270°, as the case may be. In the present example we 
subtract 65° 14' from 90°, the remainder is 24° 46'. Take 
L T, equal to 24° 46', and draw TE parallel to i C Draw 
CE the axis of the ecliptic. 

By the revolution of tho earth round the sun, the axis of '^^'' ' 
the ecliptic appears to coincide with the axis of the equator, ^^^ ^^^^ 
when the sun is at either tropic, and it appears to depart in poiiiio 
from that line by the whole amount of the obliquity of the 
ecliptic ; and the time of this greatest departure is when the 
sun is on the equator. That is, CS runs out to OA at the 
vernal equinox, and runs out to C F at the autumnal equi- 
nox. As a general rule, CF, the axis of the ecliptic, is to 
the left of CP, the axis of the equator, from the 20th of De- 
cember to the 20th of June, and to the right of that line the 
rest of the year. Draw Q the axis of the moon's orbit, so «'»" •' i 
that the angle G CE shall be equal to the angle of the y„ i^^^, 
moon's visible path with the ecliptic, and Cff ih to the left of "*■ 
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CE when the eclipse is about the aecending n.jde, as ia this 
example, but at the right when the eclipse is ahout the de- 
con ding node. 

Por this prnjeetion to appear natural, the reader should 
face the north, bo that H will appear to the west, and B on 
the east of the figure. 

The shadow of the moon across the earth ia from a western 
to an eastern direction, therefore, the moon is conceived to 
come in oii the earth from the west side. 
*" The point C is perpendicular to the sun's declination, and 
C V is the sine of the declination, and the curved line ff VB 
is a representation of the equator as seen from the moon. 
When the sun has no declination, the equator draws up into 

to 3. Take C n from the scale of equal parts, making it equal 
" to the moon's latitude, »nd through the point n, and at right 
angles to CO, draw the line i^mnr^y, which represents the 
center of the shadow, or the nioon's path across the disc. 

From C as a center, at the distance C 0, describe the 
outer semicircle, equal to the liiff. of the moon's horizontal 
parallax, the sun.'s horizontal parallax, and the aeinidiameter 
of both sun and moon ; Ihen O H \s the semiiliameter of the 

'When the eclipse first commences, the center of the moon 
is at i. and the center of the sun is on the circumference of 
the other circle, in a direct line to C, not represented in the 
figure, therefore, the two limbs must then just touch. 

As C is the center of the earth, and H on the equator, 
therefore Cff is a line in the plane of the equator, and the 
point i is a little below the equator ; which shows that the 
eclipse first commences on the earth a little south of the 

•■ The time that the eclipse is on the earth is measured b_v 
.* the time required for the mnon to pass from k ioq with its 
true angular motion from the snn. 

The length of this line, ig, can be found from the ele- 
ments, and trigonometry, as in an eclipse of the moon, and 
the line of describing it is found in the same way. 
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■■ tv. When the muon's center cornea to I, the central eolipee 
to ds' conimences, and the arc SI shuws that it most be about in 
' ''' the latitude of 1° north. When the moon's center comes 
ibg to r, the sun wiU be eentjally eKlipsed at apparent noon ; and 
*'" Or is the sine of the number of degreeB north of the sun's 
,oj declination, which, in this case, is about 23° ; hence to the 
T iha sun's declination, 21° 12', add 23°, making 44° 12'; ehowing, 
as near as a mere projection can show, that the sun will be 
eeotrallj eclipsed at noon on gcme meridian, in latitude 44'' 12 
north. The central eclipse will end, or pass off the earth, 
when the moon's center arrives at^ and the arc £p from the 
equator, shows that the latitude must be about 41° north. The 
eclipse will entirely leaYc the earth when the moon's center 
arrives at 5, and for its limb to touch the sun, the sun's cen- 
ter must be at A, and the arc £h shows that the latitude 
must be about 30° north. 

The lines, cd and a6, parallel to the moon's path, and dis- 
tant from it equal to the sum of the semidiajueters of sun and 
moon, represent the lines of simple contacts across the earth, 
or limits of the eclipse; cdis the southern line of simple eon- 
tact, and ab is the northern line of simple contact, and the 
latitudes at which these lines make their transits over the 
earth, are determined precisely as the latitudes on the cen- 
tral line. 
"'J But we need not stop at coarse approximation a; we have 
,n,p,. all the data for correct mathematical results, on the same 
^! principles as we determined those in relation to a lunar eclipee. 
,'*°" In the triangle Cnr, we have the side On, the moon's 
latitude in seconds, which may he used as linear measure, as 
yards or feet and in proportion thereto, we may compute Or 
and n r, when we know ffie angle n Ct. 
tqns. g^j jjjg foJIowing equation always ^ves the tangent of the 
I of angle M CJD or n Cr. calling the sun's distance from the sol- 
'• "'' stiee D, the obliquity of the ecliptic E, and the radius iinity 
tan. E C iJ=tan. H sin. D* 

■ The student who has acquired a little skill in analytical tr^ae- 
inetry can discover the preliminary steps to this equation; the princl' 
pies are all visible in the construction of the fjgu'e. 
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To tbe angle E CD, add the angle Q CE, the angle of tha C"" " • 
moon's visible path with the ecliptic, and we have tbe whole 
angle Q CD, or m Or. Gran is a right angle; and in the 
two triangles Cmn and Cmr, we have all the data, and can 
compute nr and T C. 

When the moon arrivea at m, it is in the line of conjunction 
in her orhit ; when it arrives at n, h la in ecliptic conjunction ; 
and when it arrives at r, it attains covfwicluM in right as- 
cension. 

For the last sis or eight jears, the English Nautical Al- 2™"' 
manac has given the conjunctions and oppoaitionB in right as- ,he Engii* 
cension, in pJace of conjunctions and oppositions in longitude, Naoiicai Al- 
and has given the difference of declinations hetween the sun 
and moon, in place of giving the moon's latitude; that is, it 
has ^ven the time that the moon arrives at r, in place of n, 
and given the line Cr in place of Cn. 

All lunar tahles give the ecliptic conjunction at n, and from 
this we can compute the time at / hy means of the triangle 
Cnr. 

Having explained the principle of finding the latitude on 
the earth, when a solar eclipse first commences, we are now 
ready to show another important principle — how to find tlie 
longitude; and with the latitude and longitude, we have the 
exact point on the earth. 

Where an eclipse first commences on the earth, it com- The miDiod 
raencea with the rising sun, and finally leaves the earth with °o„^t^* 
the setting sun. In this example, we have decided that the "■h*™ ih" 
eclipse must commence very near the equator, not more than ^^^l] ^ 
one degree south ; but in that latitude the sun rises at 6 h. •anii. 
A. M. apparent time ; therefore, at the place where the eclipse 
commences, it is sis in the morning, apparent time. 

From the scale of equal parts, take the moon's hourly mo- 
tion from the sun in the dividers (27' 39"), and apply it on 
the line leg: it will extend three times, and a little over, to the 
point R. This shows that three hours, and a little more ( we 
say 3h. 3m.) must elapse from the first commencement of 
the eclipse to the change of the moon at n. Hence, by the 
local time at the place oi the conimeneement of the eclipse, 
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"""*■ '^ - the moon changes at 9 h. 3 m. in the morning, apparent tiue; 
but the apparent time of new moon at Greenwich is 8 h. 49 m 
p. M., making a difference of 11 h. 46m. for mere locality: 
the absolute instant is the same; the difference ia only in 
meridians which correapond to a difference of lon^tudo of 
175° 30'; and it ia west, because it is later ia the day at 
Greenwich, 
r finding '^^^ central eclipse also first comes on the earth at a place 
hflre the where the aun is rising. In this example it first atriies the 
iJipw flrst ^^''*'' *' ^^^ P"'""^ '' '" latitude about 7° N,; hut, in latitude 
nk« Uu 7° N., and declination 21° N., the sun rises at 5 h. 48 m., 
""■ A. u. apparent time ( Prob. II ); and from that time to the 

change of the moon, namely, the time required for the moon 
to move from I to n, is ( as near as we can estimate it by the 
construction ), 1 h. 56 m.; therefore, the time of new moon, in 
the locality where the central eclipse first commences, is 7 h 
44 m. in the morning. Prom this to 8 h. 49 m. in the even- 
ing, the time at Greenwich, gives a difference of 13 h. 5m., 
reckoned eastward from the locality, orlOh.55m. reckoned 
westward; which corresponds to 196° 16' wesC longitude from 
Greenwich, or IG3° ib' east longitude; the meridian is the 
aame. If the longitude is called enst, the day of the month 
must he one later; but, to avoid this, we had better call the 
longitude wesl. 
rofiortihe Where the sun is eentraDy eclipsed on the meridian, it ia 
i™° 'th. i^^ ^^' app'^rent time ; the moon's center is then at r, and, 
n win b> by the construction, it must be about seven minutes after 
Ck/ u conjunction in that locality ; hence, the conjunction is seven 
« minutes before 12, and at Greenwich it ia 8 h 49 m. after 12, 

giving 8 h. 56 m. for difference of longitude, or 134° west 
longitude 

The central eclipae will leave the earth with the setting 
sun, when the center of the moon and sun are both at^; but 
the latitude of p we decided to be 40° north, and in thia 
latitude, when the sun's declination is 21° 11', as it now 
is, the sun sets at 7 h. 15 m. apparent time ; but this ia 
1 h. 40 m. after conjunction, therefore the conjunction in 
that locality must be at 5 h. 36 m. ; but, at Greenwich, it ii 
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8 h. 40 m., ^ving, for differonce of longitude, 3 h. 14 m>, or Chip, i 

i8o 30' west. 

The eelipae finally leaves the earth in latitude 46° north; To flu. 
but, in this latitude, the aun sets at C h. 51 ni., and the con- '^if"^' 
junction will beSh. Om sooner (the time required tor thescipEe 
moon to pass from n tog) therofcre the ocnjunction m this ""' 
locality must be at Sh.Olm but at GrecnTich it wdl be 
8h. 49 m,, giving 4h. 58m t^r differenee ot I ugitude )r 
74° 80' west. 

Thus, by the mere geometrical construction, we have 
roughly determined the following important particulars: 





2e, 


5 46 


IS. 


175 30 W. s 


Cen. eclipse commences, 




6 53 


7N, 


1S6 15 W. Li 


Cen. eclipse at local noon, 




8 56 


46 


134 00 W. '!■= 


Cen. eclipse ends. 




10 34 


40 


48 30 W. "' 


End of eclipse. 




1146 


30 


73 30 W. 



To find the latitude of the first commencement of simple 
contact on the southern line, all we have to do is to find the ,„ 
arc Bc;an(i for the latitude on the northern line, we find the "■ 
arc ffa ; the point .; is in latitude about 27° south, and a in ^l 
about 54*^ north. 

The southern line of simple contact leaves the earth at rf, 
between the seventh and eighth degrees of north latitude, and 
the northern line passes ofi" beyond the pole. 

We have, thus far, tahon the results but approximately 
from the projection, and the projection is sufficient to leach 
us principles ; and it must be our guide, if we attempt to ob- 
tain more minute results; and with the elements and the figure 
wo have the whole subject before us as minutely accurate 
as it is magnificent, and aa simple as it is sublime. 

To complete our illustration, we now go through the trigo- 
nometrical computation. 

In the triangle Cnm, we have Cn!=2V 19"=1279. the 
■ngle mC«=5° 42' 50", and the angle m a right angle. 

Whence Cm=1273", and mn=127".3. 
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'■ tan. E CD=n C/=tan. (23° 27' 32") Bin. (24° 45' 54") 

(page:i84). 
Whence E CI)=. 10° 18' 8", 

1- Add g g-g= 5° 42 ' 50^ 

Sum is ffCi>=mCr=16'' 0' 58". 
^ In the trianglemCr, websve Cm (1273), the perpendicu- 
lar, and the angle m Cr as just determined ; whence, 
mr=3ti5".S; Cr=1324".8. 
In the triangle Cm^, Cp is the horizontal parallax of 
moon and aun (54' 30")— 9", or 54' 91"=3260". 

By the well-known property of the right-angled triangle, 

Or mp' = Cp^~Cm^={C'p-{-C'm){Cp—Oni), 



That is, mi>==V(4533)(19S7)=3001".7. 

Therefore, Ip, the whole chord, ia 6003".4, which, divided 
by 1659' (the moon's motion from the Bun), gives 3.616 h. 
or 3 h. 37in. 40s, for the time that the central eclipse will 
be on the earth. 

In the same manner the line mq \% found. 



That is, mq=J{Vq-^Cm){Cq—Cfn), 

But, C9=54' 91"-f 14' 51"+15' 48"=510O". 

Or m q= V(6373)(3897)=4938".3. 

Therefore, the whole chord, kq. ia 9876.6, which, divided by 
1659", gives 5 h. 57 m. 20 s. for the entire duration of the 
general eclipse on the earth. 

On the supposition that the moon's motion from the aun is 
uniform for the six hours that the eclipse will be on the earth, 
the several parts of the moon's path will be passed over by 
tbe moon, as followB; 
;| From i to / in 1 h. 9 m. 54 s. 
j'f From Uo m in 1 49 00 t« <{ in orbit. 
I- From m to win 4 36 to (j in ecliptic. 

From n to r in 8 37 to J in rigbt 

From r top in 1 35 40 

From jo to 9 in 1 9 54 
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The apparent time of ecliptic conjunction, at Greenwich, chip-it. 
IB determined hy the tables ( and applying the equation of ' 

time), is at 8 h. 49 m. a. 

Subtract from * to ecliptic i , 3 8 30 

Gdipae commences, Greenwich app. time, 5 45 30 
Clenlral eclipse commences (add 1 9 54), 6 55 94 
Sun centrally eclipsed on some meridian, or 

i in right ascension, Greenwich time, 

at (add 2 2 36), 8 58 00 

Central eclipse ends at (add 1 35 48), 10 33 48 

End of eclipse at (add 1 9 54), 11 43 41 

By comparing these times with those obtained simply by a cutiu 
the projection, we perceive that the projection is not far out pra^tiM 
of the way, notwithstanding the terms rough and roughly that ,^1^^ ,!,.„ j, 
we have been compelled to use concerning it. Indeed, a good e»n«r>iij 
draftsman, with a delicate scale and good dividers, can decide "'''"" 
the times within two minutes, and the latitudes and longitudes 
within half a degree ; but aU mathematical minds, of course, 
prefer more accurate results ; yet, howCTer great the care, 
<Asdute aixuroffij cannot be attained ; the nature of the case 
does cot admit of it.* 

To find whether the point h is north or south of the equa- 



r, by making use of Iiis judgment, can bs very hc- 
caralo with very littla trouble; he perceives, at a glance, whet bTo- 
ments vary, and what the effects of such variation wili be; but a learner, 
who Ib supposed not to bo able to take a comprehensive view of ths 
whole subject, must go through the tedious process of computing the 
elements for the times of tho beginning and end of the eclipae, as well 
as the time of conjunction, if he aims at accuracy, but an astronomer 
can be at once brief and accurate. In computing the moon's longi- 
tude, tn the present example, the astronomer would notice in particu- 
lar the moon's anomaly, and, by It, he perceives whether the moon's 
hourly motion is on the Increase or decrease, and at what rate. 

It ia on the decrease, and the first part of the chord im is passed over 
by Ihe moon in about 7 seconds less time than our computation 
mads it, and the last pert requires about 7 seconds longer time ; but 
Ihe times of passing jrt and n, should be considered accurals, and the 
limes of beginning and end ihould be modified for the variation of 
Ihe moon's motion, making the beginning and end 7 seconds later, and 
the beginning and end of the central eclipse about 4 seconds later. 
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^ '^ - tiir, we conceive i and C joined, and if tlie ai gie m Ci ia 
greater than the angle m CH, the point k is south, otherwise 

By trigonometry, Ck : km : : sine 90° ; sine mCk; 

Or, 5138 : 4a00 '.3 : sin. 90 ; sin.m CA=75 31 20 
To this add G CD, - - - - 16 58 
Sum is the angle /C* - . , 61 32^8 

This angle shows that th? eclipse will first touch the earth 
in latitude 1° 32' 18" south. 



To find the arc HI. conce 

two triangles Clm, m Op & 

And CI : Im : 


ive the points 01 joined, and th< 

re equal. 

r sin. 90° : mOh 


Or, 3261 : 30O3.7 : 
TotHsadd ffCA 
The sum is. 


; sin. 90 : sin. m Ol=h 7 50 
16 58 

83 8 48 



Who™ iKa This angle shows the latitude of the point I to be 6° 51' 
Kiik," iJa'" ^^" n'^"''^- That is, the central eclipse first touches the 
««iii earth in 6" 51' 12" of north latitude; differing very little from 

the point determined hy construction. 

To find the latitude of the point p, we have mCl = m Op 
= 67° T 50"; and subtracting 16° 0' 58", we liave the 
polar distance, or co-latitude; the result is, that the central 
eclipse passes off at latitude 33° 53' 8" north, and the gene- 
ral eclipse entirely leaves the earth in latitude 30" 25' 38". 

To find the latitude of the point r, we consider Or to he a 
sine of an arc, and OP the radius. 

Therefore, 3261" : 1324".3 : : R : sin. «= 23 58 00 
To this add the sun's declination, - 21 11 43 

Sum is latitude where the sun will be 

centrally eclipsed on the meridian, - 45 9 43 N 
How to fiai Wherever the sun is centrally eclipsed on the meridian, it 
tbeiu^cndii is apparent noon at that place, hut at Greenwich the apparent 
where' ' the ''™® is 8 U. 57 m. 37 8., p. M. ; this difference, changed Into lon- 
«gi>cent.>L- gitude, glvcs 134° 25' west, within a degree of the result de- 
^leelipseiioo tg[.ni{[ipd itora the projection; and it is not important to go 
over a trigonometrical computation for the longitudes, sine 
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we are sure of knowing how to do it; and wo are also sure chip. it. 
',]iat tlie results will not differ much from those already dc- 
lerminud. 

In short, IroiR the elements, the figure, and a knowledge ^nfflcitu 
of trigonometry, wo ean determine all the important pohits in J*'" '" "" 
each of the three lines cd, kr/, and ab, for between tliom we 
have, or may liave, a complete nel-iairi of plane triangles. 



CHAPTER V. 

LOCAL ECLIPSSa, BTC. 

We now close the subject of eclipses by showing how to ( 
project and aeciirati'ly compute every cireumatance in rela- 
tion to a local eclipse. 

For an example, we take the eelipse of May, 1854, and for 
the locality, we take Bohton, Mass., beoauw we anticipated a 
central eclipse at that ]jldci;, but the result of computatinns 
shows that it nill not bo quite central even tliere. We use 
the same elements as fur the general eclipse. 



Praw a hne V D, and divide it ii;to C>5 ',jua] parts, and ■ 
consider each part or unit aa corresponding to one minute of 
the moon's horizontal parallax From C, as a center, at a 
distance equal to the diff. of parallax of the sun and moon 
( 54 91 ), describe a semicircle north or south according to 
the latitude, or describe a whole circle if the latitude is near 
the equator. 

From C di'iiw Cs, the universal merulian, at riglit angles 
to CD, and from s take ffi T and ^ i, each equal .to the 
chliquityof the elliptic ('2^'^ 27'') and draw the straight line 
t)>,i, =^ on the right. Subtract the sun's longitude from 
90° or 270° to find it« distance from the nearest solstitial 
point, and note the difference (in this example 24° 46'). ^ 

From the point a, with ot as radius, make a G equal to «c 
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<^_^"';_^- tlie aine of 24^ 46',* and join 6, and produce it to E; OS 
is tbe axis of the ecliptic: this line is variable, and is on tbe 
otber Bide of the line (?ffi between June 20 and Decem- 
ber 21. 
Hdw mfinii Prom £ take the arc £L equal to tbe moon's visible path 
uiB luoon's ^^^ '■^s ecliptic, to the right of S when tbe moon is descend, 
ortit ing_ but to the left when ascending as in the present esam* 

pie. Join GL, a line representing tbe axis of the moon's orbit. 
To and from the reduced latitude of tbe place add and sub- 
tract the sun's declination : 

Thus, Boston, reduced latitude, ■ 42° 6' 39" N. 

Sun's dedinalion, - 21 11 43 N, 



Sum is 630 19' 22", and dlfTerBnca ia 20° 54' 56". 
tafiai Prom C, make (712 equal to the uDe of the difference of 

'"iiip« "'^ '"" ^"^^ ■ ^^° ^^' ^^" ^' """^ ^'^ ^^^ "i"^ "f ^^^ sum 

,s u.. (63° 19' 22"). 
J° Divide (12) d into two equal parts at tbe pointy; and on 
'Ttff (12), an radius, mark the sine of 15° 30°, 45°, 60°, 75°, 

iriiio. 9(|o. the line 7, 5, runs through the first point; 8, 4, through 
tbe second, &c. 

Subtract the latitude (42° 6' 39") from SQo. thus finding 
tbe cn-Iatitude (47° 53' 21"). On the semidiameter of the 
earth's disc, as radius, take tbe sine of the co-latitude (47° 
53'), and set off that distance from ff, both ways to 6 ; thus 
making a line, 6, 6, at right angles to the universal meridian, 
Cg. On >f (6) as radius, and from the point y as a center, 
find the sine of 15°, 30". 45°, &c., and set off those distances 
each way from jr and through the points tliua found, draw 
lines parallel to ^ C ; these lines, meeting the lines drawn par- 
allel to 6^6, will define tbe points 5, 6, 7, 8, &c. to 12, and 
1, 2, 3, &c. to 7, tbe hours of the day on the elliptic curve. 
That is, our supposed observer at the moon would see Boston 

honri (or any other place in the same latitude as Boston), at the 

""' 'I- point 9 when it is 9 o'clock at the place, and at 12 when it 
is noon at the place, &c. 

■ The leader is supposed to undersland how to draw a sine to any 
•re, corresponding to any radiUB, either with or withoat a sector 



„Googlc 



ECLIPSES 




,y Google 



ASTRONOMY. 

As this cun'e touches the disc before 5 and after 7, it 
shows that, in that latitude, on the day in question, the »ud 
will rise before 5 in the moining, and set after 7 in tbe even 
ing. If the declination of the sun had been as mnch south as 
now north, the point d would have been 12 at noon, and all 
the hours would have been on tbe upper part of the ellipse, 
which is not now represented. 

From C, as in the general eclipse, set off the distance Cn 
eqnal to the moon's latitude, and, through the point n, draw 
the moon's path at right angles to CL. 

Ab the ellipse represents the sun's path on the disc, and as 
the point (12) refers, of course, to apparent noon, and not to 
mean noon, therefore, we will marli off the timo on the m ion's 
path corresponding to apparent time, 
'ii When the moon's center passes the point n, it is at ecliptic 
'. conjunction, apparent time, at Boston, or it must be considered 
the apparent time corresponding to anj other meridian for 
which the projection may be intended. 

The ecliptic d , apparent time, Greenwich, is 8h. 49m. Os 

For the longitude of Boston, subtract 4 44 16 

Conjunction, apparent time, at Boston, ■! 4 44 

The moon's hourly motion from the sun is 27 39": take 

this distance from the scale, in the dividers, and make the 

small scale ab, which divide into 60 equal parts; then each 

,_ pait ocrresponds with a minute of the moon's motion from the 

'" sun, and the distance ab will correspond with one hour of thn 

^\ moon's motion along its path. At 4 h. 4 m. 44 s. the moon'* 

p sun's center, at the same 

b d p 4 on the ellipse ; and, as 

d h w p ts is greater than the sum 

m d m A moon, therefore the eclipse 

w h h m d b the moon moves rapidly 

g p c center of the moon will 

be a d 5 m on's path, and the cente. 

b P " ^^^ ^ °" ^^^ ellipse; and 

h w p m ear each other, that the 

Df that of the sun, show 
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ing that the eclipao must ha^e ooramenced prior to that time. ■ 
To find the time of commencement more exactly, let the hour ' 
on the mooo's path be subdivided into 10 or 5-minute spaces, "' 
and take the sum of the seraidiaraeter of the sua and moon 
in your dividers from the scale CD. and, with the ■ dividers 
thus open, apply one foot on the moon's path and the other 
on the son's path, and ao adjust them that each foot will stand 
tt the same hour and minute on each path as near as the eye 
can decide. The result in thia case is4h. 2Sm. The end of 
the eclipse is decided by tlie dividers in the same manner, and, 
IS near as we can determine, must take place at 6h, 44m. 

To find the time of greatest obscuration, wo must look * 
along the moon's path, and discover, as near as possible, from '^ 
what point a line drawn at right angles from that path will ■=■ 
strike the sun's path at the same hour and minute; the 
time, thus marked on both paths, will be the time of great- 
est obficuration. 

In this ease it appears to be 5 h. 40 m., and the two cen- 



ters a 
on which 
without 
Tosh 
its onnti 
the divid 
the sun' 
time on 
the moo 



) very nearly together 



', that we cannot decide 
will b 



whole di m g m eai 

as it can 

There p j 

Beginning of the eclipse, p. si., 4h, 28m. 4b. 24m, SOs, 
Greatest obscuration, 5 40 5 36 30 

Rnd of the eclipse, 6 44 6 40 89 

From the projection the two centers arc nearer together 
than the ditferenee of the aemidiameter of the sun and moon 
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Can r. and tbe moon's diameter licing least, the eclipse will be « 
mdar, as represented in the projection. 

The above results are, probablj-, to be relied upon to within 
three minales, 

Vchave now done with the projection, osfaras theparticu- 
la ity, Boston, is concerned; hut, in consequence of the 

fa J of solution, we cannot forbear to solve the followinj 
p b -a: In the saine paraUd of latUwie as BoUon, Jind th4 
I vgiivde where l/ie ffreateil obicuraiion leiU be ezacUy oi 2 p. s£. 
ap rent lime. 
■7 « F m the point 2, in the ellipse, draw a line at right an- 
* ■" g a to the moon's path, and that point must also be 2h. on 
m on's path; running back to conjunction, we find it 
H m ate place at Ih, 10 m.; but tbe conjunction for Qreen- 

h me is 8 h. 49 m., tbe difference is 7 h. 39 m., correspond- 
14° 45' west longitude; we further perceive that thp 
w Id there be about 9 digits eclipsed on iIip ?un's noith- 
itb. 
a 6 N w admitting this construction to be on mathematical 
""" """■ principles ( as it really is, except the variabibtj of the ele- 
ments ), we can dttermine the beginning and end of a loc»l 
eclipse to great accuracy, by the application of analytical 

OBOMETRY. 

General j^^^. ^ j^ ^^^ (7 05 be two rectangular co-ordinates, then 
3 in Mm- the distance of any point in tbe projection from ttie center 
^tingaLithe f.^^ ])g determined bj means of equaliuns. 
wToTan" J'«' «and y be the co-ordinates of any point on the sun"B 
toiipsfl as path or elliptio curve, and A' and Y the co-ordinates of any 
'mttit^"' point on the moon's path, then we have the following equa- 
tions : 

( 1 ) y=p sin. L COS. D±p cos. L sin. D cos. ( I solar 

(2) x=peos.I.Am.l ) co-ordin. 
( 8 ) r==d±hi sin. B I 1^^^^ «„.„dinates. 

(4) X=kicos.B i 

In these remarkable eijuations, p is the semidiameter of pro- 
jection, L the latitude, D the sun's declination, ( the time 
from apparent noon, d the differenae in declination between 
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nm nnd moon a.t the instant of conjuaution in right asoen- cur. v. 
(don, h the moon's hourly motion from the Bun, t the interval 
of time from conjunction in right ascension — miTOia, if before 
oonjunction^p^as, if after ; and B is the angle LC a, or the 
angle which the moon's |)ath irakes witli CD. 

In the equations, x and A' are horizontal distances. In 
equation ( 1 ), the plus sign b taken when the houra are on 
the upper side of the ellipse, as in winter; when on the lower 
side.take the minus sign. 

In equation ( -S ), the plus sign is taken when the motion of EipiiBitici 
the moon is noHhwctrd, and the mtmis sign when aouikward. "■" "" ''" 
The sin. (, or cos. (. means the sin. or cos. of an arc, corre- 
sponding to the time at the rate of 15° to one hour. 

The solar and lunar co-ordinates, or equations ( 1 ), ( 2 ), Th. •;bIio 
( 3 ), and ( 4 ), are connected together by the following equa- <i 
tions; the minus sign applies to forenoon, the piua sign to time of eon 

iftemoon : Junnion 11 

To apply these equations, and, of course, the former ones, 
i, the interval of time from conjunction must be assumed, and, 
as the time of conjunction is known, t thus becomes known ; 
d, k, and B, are known by the elements; therefore, x, y, and 
X, Y, are all known. But the distance between any two 
eferred to co-ordinates, is always expressed hy 



When an eclipse first commences, or jnst as it ends, this ex- 
pression innet be just equal to the semidiameter of the sun 
and lU' on ; and if, on computing the value of this espression, 
it is found to be less than that quantity, the sun is eclipsed; 
if greater, the sun is not .eclipsed; and tho result wiil show 
bow much of the moon's limb is over the sun, or how far 
asunder tho limbs are, and will, of course, indicate what 
change in the time must be made to corresp )nd with a con- 
tact, or a particular phase of the eclipse. 

For an eclipse absolutely central, and at the time of being 
■Antral, the last expression must equal zero; and, in that 
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CH»h 1 case r.= \ ard ^— J In cases ot annuUr eclipeeB to find 

the tim oi t rm<itiuii or rupture (f the ring tie eapre si n 

must le 1 ttt e({iial t> the difference ot the semidiameters of 

sun and moon In ehfrt these espres loi b accurately ef 

ficienth aid bnefiy c ver the whcle subjctt and we now 

close by si wing tteir apfli ation tj the ta-ie before us 

AppicB oc js^ {jjg pj. jeetion we d cided that thi be^i mg of the 

In. up e> t'^' ps** ^'^ "1<1 be at 4 h 2b m apj arent time at Boston Call 

torn. this the assumed ur approximate time and for this instant we 

wiU compute the caact distance betfteui the itnter of the Bun 

and the center of the moon and if that distance la equal to 

the sum ff their semidiametcr tlen4h 2Sm is intact th* 

til L otlervnaeit is njt i.e 

\M tea. tie Q njunc in K A ipp time Bost n 4 I _1 

fD ihebsgn \S3umc t equal to 15 

^.l\iJ' 'u Tli^refoi'e. ' is equal to 4 28 21=67° 5' 15". 

«Vr iVoD. p=54' 2 "=3261. Reduced kt., Z=42° 6' 38". 



i>=21°ll'43"; 
£=16° 0' 58" 
p 3261 
£ 42° 6-38" 
D 21 11 43 

( C7 5 15 


; rf=Cr=1324".3; A=1659 i=j 

log. 3.513511 - log. 3.513511 

sin. 9.826437 - cos. 9.870315 

COS. 9.969583 - Bin. 9.558149 

COB. 9.590288 


2039.1 
346.3. 


log. 3.309531 . 346.3 log. 2.532263 


j(= 1693.8 


p 3.5135U 

COS. L 9.870315 
sin. ( 9.964303 



Pot r.iid X: 


B 16° 0' 68" . 


Ai414".75 

114.5 


.Jd 1324.3 



z=222a5 log. 3.348129 

;in. 9.440775 - cob. 9.982804 

ng. 2^1"_80^ - log. ^.617800 

2.058575 398.6 ' 2.6006M 

X= 398.6 
(iC(«X)=]8a 
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Here ore two iidea of a right-angled triangle, and the hy- C hap. 
pottemise of that triangle is 1^57".!^. whiuh is tlio distance 
bet ffuen tho .ienter uf the sun and moon at that instant ; hut 
the scmidiaraoter of the anii and moon is only lt53"; there- Jh«««i 
fore the eclipse has not yet cnrameneed, and will not until the ^^,^ 
moon movea over 4" .8; wliioh will require ahnut 9 s., as we 
determiiidd by proportion, because the apparent motion of the 
woon will be almost directly toward the sun 

When the apparent motion of the moon is not BO nearly m 
■ line with the sun, as it is in tbis ease, we cannot proportion 
directly to the result of the correction. In fact, the apparent 
motion of the moon is on one side of a plane nght angled tri- 
angle, and the distance between the center of sun and mnon 
is the hypothenuse to that triangle, and the varution of the 
moon on its base varies the hypothenuse and the computm- 
tioo must be made accordingly. 

Hence, to the asaumei? lime of beginning, 4h. 28m. 219. 

Add ^ 

Beginning, apparent time. - ■ 4 28 30 

Mean lime, - - - - 4 i'i 19 



By the applifatinn of the same expressions, we learn that ^' 
the greatest obscuration will take place at 4 h. 41 m. mean „, 
time at Boston : and the apparent distance of the moon's con- "' 
ter wUl be 18" north of the snn s center ; and, as the moon's '^ 
semidiameter is 57" less than that of the sun, a ring wil! be 
formed of between 10" and 11" wide at the narrowest point. 
End of the eclipse, 6h. 46 m. 58 s. mean time. 

In computing for the end of the eclipse, we assumed 
t=2h. 33m., and as I is more than 6h., the second part of 
y changes sign, as we see by the figure; the sun after 6, muat 
be above the line 6^ 6. 

Oeeultations of stars are computed on the same principled 
as an eclipse of the sun, the star having neither diameter nor 

From forty to fifty oeeultations of the fixed stars by the 
moon, occur each month, but not more than three or four 
»re visible, as seen from any one place. Very few, if any, 
tave Aldebaran, are visible to the naked eye. 
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APPENDIX TO ECLIPSES, AND OWmr. ALWi* 



iBimdiioinij' ^K have thus far treated jolar Oi-lipses in a genera! 
''•■»'^'' manner, for the benefit of thuie who .tre not well versed 
in the principles of spherical sections, but now we propose 
to show the strict geometrical principles, which cover the 
whole subject, and define thi latitudes and iongitudea 
which bound the visibiiitj- cf eolar eclipses on the earth. 

We shall take the same ojiipse, »e before, for an examplo, 
and take the elements as we find them in the English Nai.- 
tieal Almanac, for 1854, which are as follows; 



UU. MAI 


rS6. 


h. m. B. 


Greenwich, mean time of q' R. 


A. 


8 55 43.2 


% and 0)'s Right Ascension 




4 13 7.41 


C3)'s Declination N. 


21 


33' 3r8 


^'e Declination N. - 


21 


11' iG'S 


Q}'B Horary motion in R. A. 




31' iB'g 


0'e Horary motion i.i R. A. 




e' 3i°8 


Q)'s Horary motion in Decl. N 




8' 7"3 


©'s Horary motion in Decl. N 




25"9 


Q)'s Equatorial Hor. Parallax, 




54' 32"6 


^'s Equatorial Hor. Parallax, 




8"6 


Q)'a true semidianieter. 




14' 53"e 


@'s true semidiameter. 




16'48"9 



From these elements, tlie following results hare &et 
ComuTited, which we extract from tlie Nautical Almanf.c 
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LINE OF CENTRAL AND ANNULAR ECLIPSE, 



Lo.igi:iide. 


Latitude. 


Longiwde, 


Latitude. 


61^ SS'W 


36= 18' N 


]43Mr-W 




73^ 53' 


44° 14' 


156° 66' 






48'^ 30' 


169° 28' W 




116° 24' 


49° 23' 


179° 24' E 


14° 62' 


134° 46' W 


45° 33' N 


162° Sl'E 





i Loiiglt' 



I 40° 16' E 
I 48° 4' 
I 72° 4' 
i 90° 64' 
] 120° 28' 
I 130° 17' 
125° 43' 
116° 45' E 



Latitude. 
~68°~67'N~ 
76" 27' 
79° 67' 
80° 4' 
76° 0' 
66° 37- 
57° 42' 
52° 20' N 



Longitude. 



68° 2'W 

87° 44' 
101° 53' 
108° 24' 
126° 24' 
145° 64' 
163° 10' W 
177° 22' E 



Latitude 




5° 


40' 


N 


19° 


49' 




16° 


12' 




1fi° 


49' 




13° 


21' 


N 


1° 


7 


S 


14" 


16 




1 24^ 


16 


a 



Eclipse beoi.i 


S AT SUS-SET, 


EcLirsE Esr 


e AT SUN-KCHK. 


Longitude. 


Lntitude. 


Longitude^ 


Latitudp. 


3B° 21' E 


68° 56' N 


1 74° 36' E 








' 157° 21' 




2° 44' E 


63° 17' 


150° 39' 




6° 54' W 


59° 29' 


; 143° 48' 




40° 48' 


29° 37' 


: 124° 19' 




54° 23' 


13° 29' 


i J 16° 60' 




65° IB'W 


6° 9'N 


. 117° 7'E 





V. B uiiw propose to show most clearly to tlie geoinetrical 
jtudent, how sucli like rostiltB can be obtained. We sball 
make the same general construcuon, as before, but enlarge 
it, to show the sectiona of the sphere, and the application 
oi spherical trigonometry. 

To make the following projection appear natural, tlie i 
lea,n«r must conceive liis eye to be in a line between tbepr 
center of the earth and the center of the sun, and at a dis- 
tance from the earth equal to that of the moon. 

The diameter of the earth will then appear to coyer a 
space in the heLwens equal to the moon's horizontal paf- 
alks. {■'.*' &2".6,) and as the sun's declination is north, m 
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this case, the north pole of the earth will be visible, aa 
lepreBented in the projection at the point P. 

In eclipseB, we suppose the sun to be stationary, and the 
"'^^J moon to move with the excess of motion between the sun 
and moon, therefore we subtract the parallax of the sun, 
S^S from (54' 32".6), and we have 64' 24".l, or 3264".], 
for the value of CB or CA. 
As the earth is not a perfect sphere, those who desire to 
looofbe extremely accurate, would subtract 11" from 3266"!, 
h »» making 3244".! for the value of CH. Cd would be about 
3259", but we shall attempt no such accuracy. Any at- 
tempt to correct the projection from a true circle, would 
make it more inaccurate than it now is.* 

The perpendicular plane passing through CB ia the plane 
of the meridian, that meridian on which the sun and moon 
are at the instant of conjunction in right ascension. Ob- 
serve that CQ is a line perpendicular to the plane of the 
moon's orbit. 

The line K, m, r, d, k, ia the plane of the moon's orbit, 
and the value of Or is the difference in declination between 
tlie sun and moon. 

The inclination of the moon's path, Kr h, to the meridian 
f,^^ CH, is determined by the elements, and very much will 
mo- depend on the accuracy of that angle. 
I We determine it thus : 

"" 3's motion in R. A. (per hour,) - 31' 18"9 
^'s motion in E. A. - - - 2'31"8 

Q)'s motion from the sun, - - 28' 47''1 = 1727" 
But the moon is now above the 21st degree of north de- 
clination, where the length of a degree is less than it is at 
the equator, in the proportion of cosino of the declination 



• Here we w mid caution fhe learner not to assume, at tlie outset, 
tJwit he cannot compren^nd the figure, beeanse it appears comple*. 
It ia a diagram which includes a great number of problems, and itwai 
drawn with a design to solve them all : — hence, the necesaitj of toaDj 
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Hence, to reduce 1 727°1 to its equatorial value, or to Smaii oir. 
reduce it to a great circle, we must multiply by eosiue ^f ' "j" "" 
the moon's declination, and divide by the radiua. i»^anet 

Th«8 log, 1727"! - - 3.237392 

COS. 2I°:)3' 32" - - 9.9685U3 

1606"2 .'1.205795 

By the given elements, we have, for hourly increase of 
the moon's declination, - - - 8' 7"3 
And of the sun's .... gs'-g 

The excess ia - - - - 7' 41"4=46r4 

Conceive a plane triangle, whose base is 1606.2, and Howioind 
perpendicular 461.4, and find the acute angles, and the'!'* '"f'^' 
greater of which {73° 58' 20") is the angle at r, in theaiis of iha 
figure, and the less (16° 1' 40") ia the angle m Cr, which |^7^°f " " 
measures the arc Off. ihBoirih. 

The hypotenuse of this triangle (1671") is the apparent 
motion of the center of the moon's umbra over the earth's 
disc, per hour. 

From 3)'b declination N. - 21° 33' SI'S 

Take 0's declination - - 21°11'16"8 



And we have Cr ■ - - 22' 15" = 1336' 

We must now compute the values of t7m=1282". nir= 5ov«ai Uiu 
)68"5. We have hefore remarked, that Kcmd represents ""'i™'*^- 
the line of central eclipse over the earth, and it is ohvioua 
that the extent of the eclipse, north and south of this line, 
must depend on the apparent semidiametera of the sun and 

Their sum is (14' 63"5) added to (16 48''9}=lB4r4. 

Hence, we take mO and ntt, each equal to i842"4, and 
tiirough the points and (, draw lines ah md e/, each 
parallel to the central line. 

The line ai is the diameter of a circular section of the Yr,\\\\m.<^ 
•phere, which defines the northern line of simple contact, *» e«I" "' 
The line a/ is the aouthem line of simple contact. TheJ^^t';^ •" 
three lines ah, cd. and e/, are diameters of small circles 
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of ihe sphere — one of tliese smaU circles is represented in 
the figure by the dotted line cBQd. 

The point C is at the center of the plane of projection ^^ 
or we can conceive it to be on the surface of the earth, ^^. 
directly under the sun at noon. Then we shoiild conceive 
the line CH to be the meridian are of a great circle, GH 
being 90*^. whence the arc B P ia equal to the sun's decli- 
nation. 

Whence O /IP ia a right angled triangle, on the surface 
of a sphere; ff-fi/* is another spherical triangle, and PR 
is the co-latitude of the point B, on the surface of the earth. 

We will now continue the computation of all the lines 
and arcs, that we shall have occasion to use. 

We have already Cm- 1 282" 

Add mO=1842''4 

Sum CO=3124"4 Diff. ft=560'4. 

(7(?=3264"4 

Di£f. is G0= 140" 

Having the diameter of the circle, and G 0, we find 
aO=Ob=945'% which ia the siiieofthe arco(?=16° 50'. 

Having Cm (1282"), and Cd (3264"4), the right angled 
triangle m Cd will give us md^mc =3001-2, and the angle 
mCd, or the arc Od^Gc^GG" 53'. 

Again, CA=CX=3964''4+1842"4=5106''8, and from 
the triangle mChvia find mA=4942''3, — its double is 
ff^=9884"6. Theangle mCA=76° 28', or the arc 6g= 
75° 28'= GA. 

Observe that Kc=dk=mk—md=49'ir3-300r3= 
1941". Also observe that rrf=3001"3— 368"5=2632"8, 
Riid ej-=3369"8. 

Xbto observe the nra : ('t 

The arc ffi=90°. From the values of Ct (560"4) aiidj|^ 
C'i;=(3264''4}, we found the arc Le to be 9° 63'. je. 

But Gff ■ ■ =6" ]'40" 

ffL - - =90° 

Whence the arc Ife ■ ■ =115° 54' 40" 
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The angle QCK=lb'> 28' ; to this add SH, 16^ I' 40", 
and we have ff K=91° W 40", or D C K=\° 29' 40". 

We have now the arcs B G, Ha. He, HA, He. We 
have also the arc HP, which is equal to the sun's declina- 
tion, and the angle at Ha right angle. 

We will now solve the spherical triangle QH P, as fol- 
lows: 

As B : COS. QH : : eos.HP : cos. OP. 
COS. BP n" ir 16" 9 969604 

COS. OH 16° r 40" 9.982782 

Lunar pole from /', 26" 21' 30" cos. 9 952386 

The angle B G P=5&' 26' 27". and the angle O P 3=m. 

m° 26' 35". Consequently the angle P O C=33° 33' 33", 

and the angle GFO=\'^\° 33' 23". 

The foregoing is only a proper preparation for solving 

the many propositions, that may be proposed in relation to 

this eclipse. 

1. The point e, is the most southern point on the earth, 
where the southern line of simple contact first touches the 
earth. Wfiat is the latitude and lonffitude of that pmid? 

2. The point A, is the point where the eclipse firs( 
touches the earth. What is the latitude and longitude of 
l/iai point? 

3. The point c, is the point where thp central eclipse 
first comes on the earth. What is Uie latitude and longi- 
tude of thatpuint? 

4. The point {a), is the point where the northern line of 
simple contact first touches the earth. What is the latitude 
and longitude of thatpotnl? 

5. The point (5), is the point where the northern line 
of simple contact passes off of the earth into open space. 
What is the latitude and longitude of that point? 

6. The point (d), is the point from whence the central 
eclipse leaves the earth, and rises up into space. What it 
Ike latitude and longitude of that point? 
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7. The point (g), is the point on the earth where the 
eclipse finally leaves the earth. What is Ike latitude and 
loTiffitiide of that point? 

8. The point /, is the point where the southern line of 
simple contact fiually leaves the earth. What is the lati- 
tude and longitude of thai point? 

We will answer each of these eight questions, in order. 
First in respect to 

To each question of latitude, there exists a correspond- uiitHd.i 
ing right angled spherical triangle, the hypotenuse of °^lf^^ 
which is a co-latitude. eoiipadi. 

To the first question — the latitude of ihe point e, — we 
have the atcH Ge for one side of the triangle, and ffP for 
the other side. ffP is common to all the triangles. 

To ana. HP 21° 11' 16" - 9.969604 h«w ™ 

Add COS. ^e 115° 64' 40" - - 9.640457 ?"""■ 

Sum is COS. Pe, or sin. 24° 4' 9.610061 

Thus we learn that the most southern point of the eclipse 
was ill 24° 4' soalh latitude. 

To 9.969604 

Add cos. ^// 91° 29' 40" - - 8.416319 

COB. 91° 24' ■ - 8.3R6923 

This result shows that the eclipse first touches the earth 
in latitude 1° 24' south. 

To 9.969604 

Add COS. ^c 82° 54' 40" ■ 9-091347 (^ff-f(?0 

COS: 83° 23', or sin. 6° 37' 9.060951 
The central eclipse commences in latitude 6° 37' north. 

To 9.969604 

Add cos. Ha 32° 51' 40" 9.924302 

COS. 38° 26' 26", or sin. 51° 33' 24" 9.893906 
A result showing that the northern line of aimple con 
tact first touches the eai ih in latitude 51° 33' 24" north 
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To - . - - 9.969604 

Add COS. Hb 48' 40" - 9.999966 



(soa. 21° 12', or sid. G^" 48' 9.969560 
And thia last result eLowa that the noithevn line of aim' 
pie contact leaves the earth in latitude 68*^ 48' north. 

To 9,969604 

Add COS. Hd 50" 5V 20" - 9.800221 ( Gd—03) 



sin. 36" 3' 9.769823 

The central eclipse leaves the earth in latitude 36° 3' N. 

To 9.969604 

Add COS. 59'^ 26' 20" - 9.706255 [Qq—Oh] 



eiii. 28° 16' 9.675859 

This result indicates that the eclipse finally leaves the 
earth in latitude 28" 16' north. 

The arc (?e=(?/=99" 53', from which subtract OH 
16° 1' 40", and we have 83' 61' 20" for the value of the 
arc Hf. 

To 9,969604 

Add COS. 83° 51' 20' - 9,029832 



sin. 6" 44' 20" 8.999136 

Whence we learn that the southern line of simple con- 
tact terminates, on the earth, in latitude 5° 44' north. 

Thus we have determined the latitudes, of all the points 
of the beginnings and endings of the eclipse, on these 
^_ three lines. 

11- The latitudes of points on ihe central line across the 

'*■ earth, can be determined by spherical triangles. 

Z Tims, the latitude of the point R, on the surface of the 

''^earth, is determined by the spherical triangle ORP, 

GR=66° 33'. OP=m° 21' 30", and the angles? GR. or 

RGP, may be assumed. Then the third side, RP. is the 

co-latitude of R, and R may represent any point on the 

email circle eRQd. 

Observe that/'Z, is the co-latitude of the point Z, and 
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PQ is the oo-latitude of tlie point Q, and that point is the 
highest latitude on the line of the centra] eclipse. 

In the same manaer, the latitudes of points on the lines 
ab and ef may be determined, and the latitudes of all points 
on other lines parallel to these, if we know the number of 
degrees from 6, aa we know the distance GE (66" 53'). 

If QR terminated in the line ob, ita value would be 16° 
£X)'. If continued to ef, ita value would he 115° 64' 40". 

The latitude of the point Q cau be determined thua : 
PQ={Gq--OP). Lat. §--90'— (<?§— ff/')=116''21' 
30"-_66° 63'=49'' 28' 30", which is the highest latitude of 
the central oclipae. 

The latitude of the point Z, (where the sun is centrally 
eclipsed at apparent noon,) is determined by the right 
ingled triangle GHZ. as follows : 

Rad. : COS. Off : : ao&.HZ : coa. GZ. \ 

«ru [1-7 Rad. coa. ffZ Rad. COS. 66° 53' of 





COS. OH 


BOS. 16° 1' 40" 


lO.+cos, 


, 66° 53' 


19,693955 


cos, 


,16° r"40" - 
65° 53' 40" 


- 9.982781 


From - 


9.611174 


Subt. HP 


21° W 16" 





PZ or co-latitude 44° 42' 24" 

Thua we determine that the sun must be centrally 
eclipsed, at noon, in latitude 45° 18'. The result given in 
(he Nautical Almanac, is 46° 33', but we do not claim the 
utmost accuracy in computation, our object is to teach 
principles.* For the points of beginning, we a^ee with 
the Wautical Almanac, but here, and at the end we differ in 
latitude a few miles. We have considered the moon's path 
as a straight line, but it is slightly curved, — it does not 

• If we reduce the parallaK corresponding to 45° 6', (see table on 
page 39 of tables), our latitude would Aen newly c .rrespond wilh th* 
Nautical Almanac. 
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change its declination at the same rate at every hour during 
the eclipse, as this pi'ojection supposes, and this will ac- 
count for part of the difi'ereaoe between us and the Nautical 



" The longitude where the sun will be centrally eclipsed 
^"at apparent noon, is determined by the apparent time of 
ui. conjunction, in right ascension, at Greenwich, and fi'OiH 
this longitude we obtain all others. 

The mean time of (f at Greenwich, is 8 55 43.2 

Equation of time at this moment, - -|~ ^ '^-^ 

Apparent time of q* at Greenwich, - 8 £8 68. 6 

We shall call this 8h. 59m., and this time shows thai 
the sun will be eclipsed at apparent noon, on that meridian 
which differs from the meridian at Greenwich by 8h. 6S3m.. 
which corresponds to 134° 46' west. 

Before we can go through with the subject of longitudes 
we must be able to determine the apparent time of the 
rising and setting of the sun, in any latitude, correspond- 
ing to any declination, as is shown in the following table. 

The construction of the table will be readilj understood 
^by those who comprehend spherical trigonometry. The 
triangle referred to will be found on page 245. It is CSS. 
The angle SOU is the co-latitude, and is given —and the 
side SJiiB the declination, and is given — and the arc CJi, 
which measures the angle CPU at the pole, is sought. 
This arc, changed into time, and six hours added, produces 
the results found in the table, to the nearest minute. 

For example, find the time of apparent sun-set corres- 
'ponding to sun's declination 16° N. and lat. 34° N. 

tan. 16 - 9.467496 ir9'=44m. 36s. 

tan. 34 - - 9.82B987 App. time Bh. 44m. 388. 

sin. 11° 9' - 9.286483 In table 6h. 45m. 
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Showing tlie appii' 



out timette sun rises when tlia latitude aud i 
ite aides of the equitor, and the apparent timt 
when both are on the same side of the etimtor. 
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The sun is supposed to be stationary and vertical over 
the point C. The eartli revolves from west to east, hence 
observers on the curve LA eg see the sun in the eastern 
horizon aa it appears to them. 

When the moon arrives at X, an observer at A would 
see its limb just meet the limb of the sun, and the sun 
wouid he rit'.ng to that observer. 

But that observer is in latitude T 24' south, aud the 
21 
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declination of the sun is 21° II' north, whence by the table, 
the eun must rise about two minutes after sis.* 
h. m. e. 

Sun vises, apparent time, 6 1 44 

Time from A' tor, - 3 10 36 

Time of (f at this locality, - 9 12 20 morning. 
Time of (f at Greenwich, - 8 58 68 evening. 

Difference of meridians, 1 1 46 38=Lon. 176" 39' W 

^Krimn When the moon arrives at c,the sun is centrally eclipsed 

[winM.'' "' ^^^^ point, and it is tlie first point on the earth at which 

the sun is centrally eclipsed, and its latitude is 6° 37' N, 

But in this latitude, when the sun is 21° 11' north, 

li. m. 8. 

The sun rises at - 5 60 30 

Time the 3 passes from t to r ia 2 67 

App. time of q" at this locality, 7 61 27 morning. 
Time of o' at Greenwich, 8 68 58 evening. 

Difference of meridians 13 7 31=Lon. lfiS°7' E. 

When the moon arrives at d, the central eclipse paseei 
off of the earth ; but this point is in latitude 36° 3' north, 
and the declination is 21° 11' north. With this latitude 
and declination, we enter the table, and find that 



The Bun sets at 

The Q> passed from rtod 

Time of a' at this place. 
Time of 0* at Greenwich, 

Difference of meridians, 


in 


7 6 
1 35 

6 30 P. M. 

8 59 P. M. 

3 29=Lon. 


62° 


16' W 


" When we wish to be very accu 
»olve the problem as taught on pag 
tan. 1''24' 
tan. 21=11' - 


;e 246, 
,44s. 


, thus : 

8,388095 
9.588316 

- 7.97640S 


Ihet 


ibla, bul 


sin 26' 
This arc 56'. correspond? to Im 
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When tlie moon arrives at h, the eclipse Jeavea the eailli , 
Hid Ihe last observer must be at q — but the latitude of g i-ongim 
ffe have deterraineii to be 28° 16' N., and in this latitude ,"„p^'" 
h. m. s. <««■ 

The sun sets at - - 6 49 
The 3 "lo^'^s fr im r to h in 2 44 42 

Time of cJ" in this locality, 4 4 18 evening. 
Time of cf at Greenwich, 8 68 58 evening. 

Difference of meridians, 4 54 40=Lon. 73°39'W. 



In the same way we can determine the longitude of the 
extreme points on the northern line ab, and on the south- 
ern line ef. 

An observer at (o) will not see the moon touch the sun 
until the moon arrives at a distance from m equal to a 0. 
But an observer at a sees the sun iu his horizon, and to 
him it is rising. Now we have determined the latitude of 
a to be 51° 33' 24", and in this latitude, when the suu'b 
declination is 21° M' north, 

h. m. a. 
The sun rises at - ■ 4 3 appa. time morn. 

The 3) moves from the perpendic 
ular let fall from a to r* (13!4") in 60 49 

The time of (/ in this locality, 4 53 49 morning. 
The time of o" at Greenwich, 8 58 58 evening. 

Differenceof meridians,(ifW.) 16 5 11 

(ifE.) 7 62 49=Lon.n8°10'E 

The point S, is in latitude 68° 48', and from this latitude, 
when the sun's declination is 21° 11' north, we find that 
h. m. s. 
The sun must set at U 50 28 apparent time. 

This is past o* by 48"4, == 1 44 



•The moon moves along the central line at the rate of 1671' per 
*our. The distance aO, is 945"8, and mr is 368^, their 3um is 1314'3. 
which divided hp IfiTI-, iroduces 5Qm. i^a 
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Time of (/ at this locality, 11 48 44 evening. 
Time off/ at Greenwich, 8 5B 58 evening. 

Difference of meridians, 2 49 46=Lon. 41'^ 26 E. 

The point e, is in latitude 24° 4' south, and we mi bj 
the table, that the sun must rise in tliat latitude, on thai 
day, at 6h. 47m. apparent time. 

Buv when the center of the sun is projecwd at *, the 
center of the moon must be near c, to enablo the limbs ta 
touch, (The distance from m must be equal to «/.) 

Not to be very precise, we may say that the lime re- 
quired for the moon to pass over the distance* el and mr, 
is 2h. and fim. 

h. m. 

Hence, to - - - 6 47 A. M 

Add ..--25 

Time of f/ for this locality, 8 52 A. M 
Time of cf at Greenwich, 8 59 P. M. 

Difference of mendians(W.), 12 7=Lor 178= 16' E. 
We differ less than half a degree from the result given 
in the Nautical Almanac, notwithstanding our roiigh and 
summary mode of computation. 

In Hire manner, we can find the longitude of /to be nol 
far from 68° west. 
:* We will now consider any other point on the circumfe- 
^^ rence of projection within the limits of the eclipse, and 
«ii determine the latitude and longitude of that point, whicb 
^ will also be a point where tlie eclipse will begin at sun-rise, 
5 if the point is on the western side of the projection, or a 
"■■point where the eclipse will end at sun-set, if it be on the 
eastern aide of the projection. 

Let ^ be a point taken at hap-hazard on the circle Ac G, 
and suppose the arc Gg be taken equal 42°. Then OP 
will be the co-latUude of the point g, and the sun being 
vertical over C. is 90° distant from the observer, and of 
course, ia his horizon. 
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We take the distance (gu), (^r), equal to mO, tlie sum 
of the semidiametera of the sun and moon {1842"4). When 
the mooQ comes to V, the eclipse commences, and when it 
passes tt, the eclipse ends. 

To 9.969604 

Add COS. 59° r 40" - - 9.723738 

ooa. co-latitude —or sin. lat. 29° 34' 30" 9.693342^ 
In like manner we may find the latitude of any point on ,^„^^*g"'u 
the arc within the limits of the eclipse, from e to a, and of ihe pn 
from 6 to/. Observe that the points,(ir') and (ff), are at |'^™j^°' ^°' 
equal distances from V; hence, the eclipse will be seen to ,„d, .„d i„, 
commence at the same moment of absolute time, from (i')^""^* °/^1j 
and {/). The difference between the latitudes of these "^j^p^/'^ 
two points is the difference between the two arcs Pff' andBii>.»..d™ 
Pff, and their difference in longitude is equal to the arc^^^_^"^',' 

The distances rtc and rTare obtained thus : 
Observe that mSis the sine of Og to the radius em. 
Leimr=y. Then VS=^y—cmsm.Off. 
Sff=c7n(}os. Off — Cm. 
(y— cmsin. Gi7)=+(cmcos.Gi?— G«) ==(1842"l)». 
Whence 



y=V(1842"l)"-(cmco 


.(%-tt»)-4 


cms 


n.t*. 


w 


Letwi«=a;. Then 
{main. (?ir-^)'4-(«'" 
Whence 


the Beeo 


On) 


= ( 


842"! 


' 


x=cmem.Off~J{4S4r 

When the eclipse begin 

junction at that locality is 


rise, 
nd u 


the 
emb 


ime of con- 
st of the fol- 


lowing equation ; 

C<=sun-,i, 


^1671 


, 


(3) 






When the eclipse ends at sun-ris 


.the 




01 rf 


IS 


rf=.u„-. 


^167 




W 







intelligent pupil must be aware that this '. 

nt, difftrenl in different eclipses, and it varies slightly during ths 
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Wiien the are is on the other side of QC, we have tbe 
local times of conjunction, as follows : 

We will apply thia to the assumed angle Qg 42°, and 



find the longitu 


idea 


in question. 




cm 3001.2 




3.477260 


cm. 3.477260 


sin. Qg 42" 




9.G255I1 


cos. 9.871073 


£008' 




3 302771 


3230" 3.348233 






Cm 1282' 








948' 



y=.^/(1842".l)'— (943")=+2008"=3687".3. 
a:=2008''— 1579"3=428"7. 
These values of y and *, placed in equations (3) and (4), 
give us, at the place of beginning, 

h, m. 
•Time Of c/=5h. 10m.+^-?H^^±^"^ = 7 32 A. M. 
Time of (/at Greenwich, - - 8 59 P. M. 

Difference of meridians, (west,) - 13 27= 

, ,. Lon.l68° 15' E. 

Place of ending, , 

Time of o-==5h. 10m.+i?!!lL+i^=5 38 A. M. 

Time of (/at Greenwich, - - 8 59 P.M. 

Difference of meridiane (west), 15 21 = 

Lon. 129° 4£' E. 

The difference of longitude between two places in tha 
same latitude, where the eclipse begins at sun-rise and enda 
at sun-rise, is in this case 28° 30'. 
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Had we taken the point g nearer to c, the difference of 
ihe two longitudes would have been over 30°. 

Had g been taken nearer lo a, the difference would have 
been less. Had {g) been at a, the two longitudes would 

Lines drawn joining these longitudes and latitudes will 
form a loof, — the widest part will be not far from 30'' 
through ,:, it will pass round in a curve which will touch the 
point e, and will narrow down to a point at (a). 

A similar loop will be made by joining the points of 
latitude and longitude of places where the eclipse ends at 
sun-set and begins at sun-set. 

The narrow part of this loop will begin at (6). be widest 
through (d), and curve round and touch /. 

We have thus far treated of latitudes and longitudes of 
places, at sun-risfe, at noon, and at sun-Bet. We will now 
show how to find 



Of places on the base of projection, 



and determine the j 



apparent time of day when the sun will be centrally w 
sclipsed, or have the same apparent right ascension as the^^^ 

wJ will auumt the angle gGR=m°, then RGC^'^0°. ".^ 
To this add the angle PGC, which we have already deter- 
mined to be 33° 33' 33", therefore the angle RGF=7d° 
33' 33", 0Ji-=e6° 63-, GP=26° 21' 30". 

Let the arc PR be represented by x; then, by spherical 
trigonometry, {see Robinson's Geometry, p. 191). we have 
/ , ._ cos.:r^cos. 66° 53' cos. 26° 21' 30" 

COS. 73 33 33 gin. 66" 53' sin. 26" 21' 30" 

Whence, cos./=sin. Lat.^cos. 73= 33' 33" sin. 66° 53 
sin. 26°21'30''+co3.66° 63' cos. 26° 21' 30". 
COS. 73° 33' 33" 9.451832 

sin 66° 53' 9.963650 coa. 9.593955 

Bin. 26° 21' 30" 9.647367 coa. 9.952326 

.11557 —1.062849 .3518 —1.546281 
: ' 1 557 

Sat. oo8.r=sin. Lat. 27° 52' .46737 
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°J The natural B-ne of any other point along this same imall 
s„y circle cRZQd, can be determined by the following pvao- 
'1"^ tieal equation : 

sin. Lat.=0.3518+9.611017 oos.^. 

The included angle betweeo GB and GP is represented 

generally by A. .3518 is a constant natural number— the 

other term is a log., the number to which must be added 

to the constant. 

We must now determine the angle EPZ, which is the 
angular distance of the point R from the solar meridian, 
and of course this angle will give the apparent time of day 
at R, at the moment of the central eulipse, as seen from 
that point. 

In the triangle GPR we have OR 66° 53', PR 62° 8', 
and GP 26° 21' 30", the three sides from whence we find 
the angle QPR^m° 50'. To this we add the angle GPH, 
already determined, (38° 26' 35"), and the sum is the angla 
EPR 132° 16' 36"; the supplement to this is RPZ 47° 43' 
86", the meridian distance of the sun. 

Hence the apparent time from noon is 3h. 10m. 54s., and 
the sun being east, it is before noon, or 8h. 49m. 6s. A. M. 

To find the time of conjunction for this locality, we ob- 
serve that ram is equal to cm multiplied hy the sine of 40°. 

That is, - - (3001)(0.6428)=]9i!9".05 

To which add ttir, - . . 36B°.5 



And we have cr - - - - j!297".fi5 



Which divided by 1671" gives 1 22 31 
Add - - - - 8 49 6 A. 



Time of (/at i?, - =10 1 1 37 A. M, 
Time of </ at Greenwich. 8 68 58 P. M. 

Difference of meridians 10 47 21=Lon. 161°60' TV. 
Thus tee have determined that in Lat, 27° 52' north, and 
Lon. 161° 60' west, the sun must have been cenlraily eclipsed 
at 8A. 49m. 6s. A. M., apparent time. 
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And thus we might find the la;itude and longitude of 
any other assumed point on that line, and the time of day 
that the central eclipse must take place. 

Some pointa on this line are more easily determined than xh.i.tin 
others. The point Z has already been determined by"j^^f°; 
means of the right-angled triangle OZH. poinu on 

The latitude of § is found thus : From QQ 66° 63' take ^"J^ ^*^' 
QP 26° 21' 30", and we have (40° 31' 30") for the co- cii.n aihi 
latitude of §, therefore the latitude of that point is 49° ^"^"''^ 
28' 30". 

The angle QPQ is eqiial to its opposite angle Q P B, 
(36° 26' 35"), therefore the apparent time was 2h. 33m. 
468, when the sun was centrally eclipsed at the place rep- 
resented by Q. To find the time of conjunction for that 
locality, we have the angle m G'y=33° 33' 33'; ym is the 
natural sine of 33° 33' 33' when md (3001.2) is taken as 
radius. 

Therefore ym=(3001.2)(.S528)=1669' 

From this subtract mr - - - 36B".5 
rj(= 1290'.6 
This divided by 1671" gives 44m. 20a. for the time of 
sonjunction. 

Time of central eclipse, - 2 33 46 T. M. 
Time past c/ - ' ** '^^ 

Conjunction at §, ■ 1 49 26 

Conjunction at Greenwich, 8 68 58 

Difference of meridians, 7 9 32=Lon. 107° 23' W. 

A line drawn through the points of latitudes and longi- 
tudes of B. E, Z, Q, and d, on a globe will fully define 
the centra] eclipse across the earth. 

To find the point on the northern line of simple contact 
when it crosses GP, we simply subtract 16° 1' 40" from 
26° 21' 30", and we have (10° 19' 50') for the co-latitude 
of that point, whence the latitude is 79° 40' north. 

The longitude of the meridian PC we have found to te 
134° 45' west, therefore the opposite meridian PJIk 45° 
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""' 15' east ; to this add the angle BPQ 38" 26' 35", and we 

(a have 83° 41' east longitude. 

'" Hence, the northern line of simple contact passes 

" through the point of latitude 79° 40' north, and longitude 
iJ3° 41' east. Connect this with the points of latitude 
and longitude of a, and of b, on a globe, and keep the 
plane of intersection paiallel to the central plane, and per- 
pendicular to QC, and we shall find the noithern line of 
simple contact on the earth. 

By extending the spherical lines, OB, PR, to meet oa 
the surface of the earth, in the plane «hich passes through 
eif, we can find the latitudes and longitudes of points on 
that line, as we found those on the ceiitial line. Connect- 
ing these points on a globe, will define the southern boun- 
dary of the eclipse on the earth. 

Thus we have shown how to make a complete delineation 
of a solar eclipse on the surface of the earth. 

We will now show by an example, a very accurate 
method of computing 

A LOCAL ECLIPSE. 

p. The greatest eclipse, as seen from any one place, will 

=d occur when the apparent distance between the center of 

"' the sun and tVe (.(.ntet of the moon will be the least pisai 

ble. The eel pse will comnence when the apparent dia 

tance between the tw o conteis is equal to tl e aum of the 

We can compute tie ii^lt ascei sion of both sun and 
moon foi aiypiitcular time and tl is would determine 
their distance isunder prov ded tie twob d es weie not 
displaced by parallax 

To corieet for this we must be able tc deteimine tha 
moon's pariUai in Etjit Ascemio/t and De I ml on 

To simphty the c mputation we will upp be the sun tu 
bo stationary at the point of conjuni-tion m Right Ascen 
sion, and the moon to move with the difi'erence of motion 
between the two bodies. We also conceive the sun to have 
no parallax, which we can do, if we subtract its parallax 
from that of the moon. 
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The value of the 
moon's parallax in al- 
titu li is represented 
by tnn, in the adjoin- 
ing figure. And an 
represents the paral- 
lax in right ascension, 
and a m the parallax 
in declination. 

Let A represent 
the apparent aUiinde 
of the moon, and ( 
its angular distance 
irom the meridian. That is, i= the number of degrees in 
the angle ZPm. Also, let p represent the reduced hori- 
zontal parallax of the moon. 




.=,^o,.A. (1) 

f reason of its small magnitude, is 

ight angled triangle, the right angle 



Then 

The triangle am 
to be taken as a pi: 
at a. 

Then 1 : p aoa.A : : sin.ni : an. (2) 

Let L represent the latitude of the observer, whose zen- 
ith is Z, and let D represent the declination of the moon. 
Then, by inspecting the spherical triangle ZmP, we per- 
ceive the truth of the following proportion : 
sin.m : cos.i : ; sin.( : cos.^. 
n.m coB.A=eoa.L sin.t. 



Whence 

From (2) we obtain 

Whence 



Again am=p coe.A cos.m 

But the spherical triangle ZmP gives us 

sin.i— sin.^ sin.i) 
coa.m= — — , „ - • 

cos.^ cos.D 

The value of (cos.m cos.^) obtained fron: 

.0 (i), will give 

^ ' /9in.Z-sin.Jsin.iJ\ 
"'"^^C ^^J5 ) 



(3) Z. 

(4) :: 

(5) 
(5) and placed 

(6) 
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This equatioD contains (ein.ji), which we wish to e 
punge, and the epherinal ti'iangle Zmp will give us 

■""■'= "°co.Titfr - 

Or siii.^=cos.i cos.i cos.iJ-f-sin.i ain.i). 

Or 8in.^8in.-Z*=co8.<cos.i/eo8.i>8in.iJ-|-sin.isin.=J 



Whence sin.i— sin.^ 8in.i>=Bin.i( 1— i 


>in.-i))_ 


cos.icoa LaoaM sin.Z*. 




But 1— sin.»2'=co8.= i>. Tliis value put it 


1 the second 


member, and both members divided by C08.i?, > 


ve shall have 


coe.Zi 


i.Lam.!). 


Comparing this with (6), we obtain 





am=p cos.Z ooa.D^p cob.L sia.D coaJ. (7) 
Thus we have found 

Parallax in right ascension ^p cos.£ ain./. 
Par. in declination =^ sin.i cos-D — p cos.L ein.i) cos.(. 
If we compare these expressions with the solar co-ordi- 
nates on page 306, we shall see that they are the same. 
Hence, the theory of the projection agrees with spherical 
trigonometry. 

If we place A=p cos.L, B=p sm. L cob.J), and 
C=^p cos.Z sin.2>, we shall have 

Parallax in Right Ascension =j1 sin.i. 
And Parallax in Declination ^B — Ccoa.(. 
The parallax in R. A. vanes as the sine of the moon's 
meridian distance, and the parallas in Declination varm 
as the cosine of the meridian distance united to a constant. 
„. We will now take the latitude of 49° 20' north, and Ion- 
Segitude 105° west, and compnte the eclipse as sepn 
"from that place. The result ought to be very nearly a 
central eclipse. 

Conj. at Greenwich, app. time, 8 58 58 P. M. 
Longitude in time, - - 7 

Sun and moon west of merid. 1 58 58=29° 58' SO'^I, 
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3)'b equatorial liorizooLal parallax, 54' 32'.B 
^'a horizontal parallax, Q".^ 

64' 24". I 
Reduction for latitude 49° ■ 7".! 

64' 17" =3S57"=p 

„ . - 3.512818 p - - 3.512818 

8in.i49°20' 9.879963 cos.i - 9.8U019 

co8.i?21°33-32" 9.9G8503 Bin.D - - 9.565187 

cos.r 29° 58' 30° 9.937640 

B 2297-6 3.361234 

675.6 2.829664 

1622'=parallax in declination. 
A= 3.326837 
sin/= 9.698641 (7=2.892024 



Parallax in R. A. 1060".4 3.025478 

We will now (Aompute the parallax in right ascension and 
ueclination at the expiration of half hour intervals after 
this time, as follows : 

At time of conjunction in this locality, i=29 58 30 
30 minutes interval, - -]- 7 30 

3-g motion from © during this interval, -^ 14' 23".e 

First lialf hour after conjunction. 
Motion from the meridian in 30m. 

One hour after conjunciion. 
Motion from the meridian in 30m. 

One hour and thirty minutes after & 

Two hours after conjunc tion, ^ 

"Parallax in Right Ascension, in half hour intervals, is 
found as follows : . , " 

i 3 326837 A 3.326837 A 3.326837 A 3.326837 
8in.( 9.781814 9.845632 9.B95063 9-933140 

Atrt-TWeli 3.172469 "3.221900 3.259977 

■,060."4 1284-.3 1487'.4 1666".7 1819. 
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Tho rig-ht ascenBion of the moon is eaat of the sun at 
(f ill. af863"6 !h. 1727"2 l^li.2590"8 2h. 3454"^ 
3par. I060"4 ISS-l'S U87"4 I(;66"7 1819" 

3N. 10G0"4 W. 420"7 E. 239"8 924"! 1635"4 

coa.Q)D..93 .93 .93 .93 .93 

3181 1262 7194 2782.3 4906.2 

95436 3786 21682 83469 147186 



986,17 391.22 223.UJ4 862.513 1629.922 

S) W.of @. 3 W, of®. O) E. of©. QlE. of®. 3)E. ©. 
Thus are the apparent distances in Kight Ascension re- 
duced to the arc of a great circle. 

For the parallax in Declination, at these several intpr- 
vals, we operate thus : 

C2.892024 Cg.898024 C2.892024 C2,892024 
COB.( 9.901001 9.863252 9.791717 9.711625 



2.793026 2.745276 2.683741 2,603649 
620"9 556"2 482"8 40r5 

B 2297"6 2297"6 2297.6 2297*'6 

3) par. in D. 1676"7 174I"4 181 4-8 1896") 

QN.of0 1666"7 1796"4 2027"! 2267"8 

3)app. S.of® 111" N. 55" N, 2I2"3 36r7 

At conjunction the Q) was north of 0, 1336', but the 
parallax in declination was then 1622" southward. Hence, 
the apparent declination must have been 287" south. 

Now to determine the beginning and end of the eclipse, 
and other circumstances, we must resort to a partiai pro- 
jection, as follows ; 

Let 5'reprseent the center of the sun at the time of cot' 
junction in right ascension, apparent time. 

The true right ascension of the moon is then the same 
as that of the sun. But the parallax in R. A. we have 
found to be r8C"2, westward of course, because the moon 
is west of the meridian. 
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V the horizontal 5a=986'2. and from a make mn-= ^^"'"^',' 
nd m is the apparent place of the moon at the time of ,5,18 gi,i 




One half liour afterwards the apparent place of the moon 
was 391" west of the 0, and 83" sou h. 

We therefore take Sa'=39r2, aTid.7'm'=nr, andm' in 
the apparent place of the 3 ^0 minutes after q', and mm' 
is the apparent motion of the 3 during the half hour. 

At the expiration of the nest half hour, the apparent 
place of the Q) was 223" east of the ^ at J,. and 6S" north 
of that point at tn". In the same n 
points ra, andm,. 

The position of the center of the su 
but the apparent places of the moon, a 
m,, during the interval of two hours. 

By merely inspecting this figure we 
46 minutes after (/ the two centers w! 
other, and they will not he 3' asund« 
59m.-|-46m.), or 2h. 45m, apparent time, the sun will be 
centrally eclipsed. 

By the ficure, we can determine the distance be- 
tween 8 and m", S and m', &c., and their rate of approach 
and departure, and thence we can determine the time of 
beginning and ending, tlie time of forming of the ring, &o. ^^^ 
The semidiameter of the sun, at that time, was 949", lug 
that of the moon, at the altitude it then had, was not one '"^^ 
second from 900". The sum of the two is 1 849°, and dif- ring 
ference 49°, and when the moon arrives within 49" of the 
center of the sun, the ring will form, and when it recedes 
to the distance of 49°, the ring will break. 

The distance from S to m, is the hypotenuse of the right 
angled triangle, whose sides are 986"2 and 287", therefore 



n is stationary at S, 



perceive that about 
1 be nearest to each 
1, at (Ih 
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5'm=IU27". This was passed over in 46m. at ihe rate ot 
22"3per minute. 

Hence, from 1849 take 1027, and we liave 822", whiob 
diTided by S2'3, gives 36ni. 

From f/ • - - 1 38 S8 

Subtract - - - - 36 40 

u Apparent time of beginning, - 1 22 18 

Time of nearest approach, - - 2 44 36 

Assuming 22"3 per minute for the apparent motion of 
the moon, and 49" for the excess of the sun's semidiameter, 
twice 49" divided by 23'3 will give 4m. 238. for the con- 
tinuance of the ring. 

The rate of the Q)'a apparent motion between m^ and wt, 
is 22"5 per minute, and is on the increase. 

The line of apparent, motion is a little curved, becoming 
less inclined to the horizontal. 

With this exposition we think no one who pays atten 
tion, can tail to perceive the rationale of the computation of 
a general and local solar eclipse. 

Thus having the apparent distances between m and S, 
m' and S, &C. at definite times, and having the apparent 
rate of motion of the moon over the face of the sun, we can 
readily determine the time within a few seconds, when the 
«olip8E will begin or end, or attain any definite phase. 



COMPUTATIONS 

TO FIHD THB TIMES WHEN THE MOON, STA 
WILL RISE, OK SET, i 

Several teachers have requested the author of this work, 
to insert a method of computing the time when the moon 
will rise or set on any particular day, as seen from any 
particular place. 

We now comply with this reasonable request, hoping to 
be both brief and clear. 

Let the object be the moon, planet, or fixed stai, the 
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principles on which the computation is made, are the same, 
and for the sake of perspicuity, we will commence with a 
Gzed star. 

The following elemenU must be obtained for the com- e 
putatioQ : 

1. The latitude and longitude of the place. 

2. The Right Ascension and Declination of the heavenly 
body, (moon or star,) at the time sought, or as near the 
time sought, as poesihle. 

3. The RighD Ascension of the sun at the same time. 
Preparatory to the solution of this general problem, we ^ 

must remember, that when the sua passes any meridian, itpianj 
is then and there apparent noon — and at 1 o'clock, P. *^'^°^ 
apparent time, the right ascension of the meridian is one 
hour greater tlian the right ascension of the sun. Whe'i a 
itor or planet is on the meridian, ihe right ascension of the 
meridian is IJie same <is the right ascension of thai star. 

If we subtract the right ascension of the sua from the 
right ascension of a star, the remainder ia the apparent 
time for that star to pass the meridian. That is, 

Apparent time ^ on merid.=R. A. ^-K. A. © 

The time from tlie meridian to the horizon, or the time s< 
from the horizon to the meridian, is called the semi-diurnal '"''■ 
are, as we have before explained. Corresponding to oer- 
Uin latitudes of the observer, and degrees of declination 
of the heavenly body, it is to be found in a table on page 
331, or it can be computed in each case, independently of 
the table, as taught on page 236. 



I, TVhai time will the fixed star Sirius rise, pass the me- 
ridian, and set, on the 20rA of January, 1868, as seen from 
Latitude 40° N. aivi Longitude 75° W^ 

In Table II. we find the right ascension and declination 
of Sirius, with its annual variations. From 1846 to 1868, 
is twelve years. Hence 
9i 
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R. A. h. m. B. Declinatbn, 

6 38 21.804 16" 30' 32"8 

Variation ISy +31.722 —53.8 



■5^'b position, 1858, 6 38 53.606 16° 29' 39"U3 
" The riglit ascension of the sun is zero, on or about tha 
J. 20th of Marcli in each year, and it iacreases about 2!i. each 

month, therefore, on the 20th of January, it cannot be far 

from 20 hours. This subtracted mentally from the right 

ascension of the star, sliows ua that the star must pass all 

meridians on that day when the local time at each place, 

cannot be far from lOh. 30m, 

When it passes the meridian of Lon. 75" west, the local 

time in that longitude must be near lOh. 30m. and the time 

at Greenwich ISh. 30m. 
I Therefore, to obtain a result nearly accurate, we mue' 
' tave the right ascension of the sun corresponding to Jan^ 

jary 20th, 15h. 30m. of Greenwich time, which is S-^h. 

previous to noon of the 21et of January. 
The right ascension of the sun is given in the Nautical 

Umanacs for the noon of each day at Greenwich, and the 

lourly variation. 

1858, Jan. 2f, ^'s R. A. 20 13 63.9 
Variation Ih. 10s.54XSi —I 29.6 



Right Ascension jf Sirius, - - 6 38 53.6 

^ Right Ascension, - - 20 12 24.3 



Sirius passes meridian, (apparent time,) 10 26 29.3 
Equation of time, (Nautical Almanac,) +11 34.6 

Star passes (Ion. 76) mean time, - 10 38 3 3 P. M. 

Now to find the time this star will rise and set, we must 
tpply the semi-diurnal arc, eo called, which can be found 
nearly, in the table on page S21, corresponding to Lat. 40° 
N. and Dec. 16° 29'. The table will give us 6h. S7m. 30s.. 
and this would be the interval sought, provided the decli' 
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nation was north. It being south, we must subtract this 
Bum from 12h. Hence the arc sought is 5h. 2iii. 303. 

h. ra. A 

Now the star passes the mer. mean time, 10 38 4 " 

Subtract the semi-diurnal arc, - 6 2 30 



Star rises (mean time) P. V fi 36 34 

(Add eemi-diurnal arc.) Star seta, A. la. J 4ij 3i 
neit morning. 

The time the star passes the meridian is tolei-ably aceu- ' 
rate, but the times of rising and setting require correction „ 
for refraction. That cause would increase the Bemi-diurnal 
arc about 2 minutes; and in addition to this, we must con- 
sider that the sun changes its right ascension during the 
5h. 2ni. that the star requires to pass from the meridian to 
the horizon. 

The change in the sun's right ascension for one hour 18 
108.54; in 5h. 2m. the change will he 638. 

That is, when the star actually rises, the sun's right as- 
cension is 63s. less than when it passes the meridian, and 
it is 53a. greater when the star sets. Hence a slight cor- 
rection is necessary. Or we may view this problem from 



another stand point. 



ing it is in the eastern hoi 



Its Right Ascension ia - - - 6 38 53.6 

Semi-diurnal arc + refraction - — 5 4 30 



Diff. = Right Ascension of meridian, 1 34 23.6 " 

Sun's Right Ascension at this time, 20 11 31,3 

Star rises, apparent time, - - 5 22 62.3 

Equation of time, add ... -{-1134.6 

Star rises {mean time,) - - 5 34 27 

When the star sets, it is in the western horizon, and the 

Right Ascension of the meridian is greater for eastward,) 

than that of the star. 
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^*e Right Ascension, - - ■■ 6 38 53.6 

Semi-diurnal are -j- Refraction, - +5 4 30 

Right Ascension of the meridian, - II 43 23.6 

Right Ascension of eun, • - 20 13 17.3 



Star sets (apparent time,) • - 15 30 6.3 

Equation of time, - - - -f- 11 34.6 

S:ar sets (mean time,) - - - 15 41 41 
Or, 3h. 41m. I Is. A. M. on the 2]8t of January. 
„i In solving problems of this kind, pi'actical men make no 
"attempt at accuracy, as the element of refraction is very 
uncertain in its results, and very often the stars oaanot be 
seen at all, when near the horizon. 

2. Qiving the operalor the use of a Nautical Almanac for 
1858, we require Mm to determine what time of day the planet 
Mars will pass t/ie meridian vf Boston, (Lat. 42''22' N., and 
Lon. 4h. 44in. W.,) on the 2rf day of July. Also required 
the time it mill rise and set. 

On the 2d of July, 1858, the Right Ascension of Mara 
is 14h. 63m. 20s., and Declination 19° 1' south, and these 
elements may be taken as invariable during that day. 
ei The Right Ascension of the sun, on the 2d of July of 
''"any year, is not far from 6h. 44m., and this mentally sub- 
odtracted from 14h. 53m., leaves 8h. 9m., to which add tha 
'"longitude of Boston in time, 4h. 44m., and we have 12h. 
'" 53m. of Greenwich time, to which the sun's Right Ascen- 
sion must correspond. 

R. A. of sun, July 2d, '68, at noon. Gr 
Variation per hour, 10s.3x(12.63) 

R. A. of sun when moon is on merid. 
From Right Ascension of Planet, 
Subtract Right Ascension of sun, 

Mars passes meridian, (app. time,) 
Equation of time, (add) 



6 44 

+2 


33.9 
12.1 


6 46 
14 53 
6 46 


46 

20 
46 


8 6 
+3 


34 P 
43 
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For latitude 42"= 22', and Declination 19"!', the e 
diurnal arc is 7h. 13m., or 4li. 47m. In tliia case it it 
47ra., the Latitude being north and Declination south, 
h. m. B. 
Hence, from and to - * 8 10 17 

Subtract and a'id - - - 4 47 



Mars rises, (mean time,) - - 3 23 17 P. M. 

Mars sets, " - - 12 67 17 P. M. 

Or Oh. 57in. 17s. on the morning of the 3d of July. 

The planet rises when the aun is up, and 'f course it 
will be invisible. 

Here neither refraction cor the change in the aun's B. 
A. are taken into account, and it is not important that they 
should be, — liowever, for the improvement of the student, 
we will compute the time the planet sets, Increasing the 
semi-diurnal arc 2m. for refractio 
crease in the sun's Right Ascension. 

Right Aacension of Mars, 
Semi-diurnal arc +2m 

Right Ascension of meridia 
R. A. of sun at this time, 

Mara sets, (app- time,) 
Equation of time, + 

Mara sets, - - - 57 38 A. M. July Sd. 

We are now prepared to apply these principles to the 
moon. A I pi id 

Several years ago, when only the longitudes and latitudes of ih» 
of the moon were given in the Nautical Almanac, I'le rising^™ "' 
and setting of the moon was a problem of some complexity, 
but recently the right ascensions and declinations ot the 
moon are computed and written down, corresponding to 
every hour, in both the English and American Nautical 



Zn 


and 608. 


for the 


in- 


h. 


m. B. 






14 


63 20 






4 


49 






19 


42 20 




6 


47 26 






12 


64 64 






3 44 







„Googlc 



APPENDIX. 
., and every student of Astronomy should finve a 

*' When thf nuxm changes, as it ii called, it sets about the time, 
"'or a lUtie before the sun. 

When the moon fulls, ii rites about the time of sun-set. 
Wo compute the successive limes tlie moon sets, com- 
mencing with new moon and closing with full moon. Then 
commence computing for moon-rise, from full moon to new 
moon, 

FOB BXAMPLK. 

Having a Nautical Almanac for 1857 before us, we find 
that the moon changes or passes the sun, January 25th, 
6h. 49m, P. M., mean time at Cincinnati. It will go down 
invisible in the blaze of sun-light that day, a little before 
or a )itt!e after the sun, according to the relative declina- 
tions of the two bodies. The exact time, for the day of 
change is never computed, unless it be in connection with 
an eolipae. 

„ What time mil the moon set, January S6iA, 1857, as seen 
from Cincinnati, Latitude 39° 6' N-, Longitude, in time, 6h. 
yiYa.westof Oreenwich? 



m. On the 26th of January, in Lat. 39° N, the eun sets 
Sh. 10m. mean time, and the moon I judge will set Ih. af- 
terwards, at 6h. lOm. To this add the iongitude, 5b. 37m. 
and the Greenwicb time is thus determined to be 1 Ih. 47m. 
In the Nautical Almanac we find thai the right asoe 
°^sion of the moon at this time is 21h. 35m. 2s., and dec! 
'nation 18° 21' 15" S. 

The semi-diurnal arc corresponding to Lat. 39° 6' N., 
and declination 18° 21' S., is 7h. 3m. from 12h., or 4h. 67m 
Hence, the computation is as follows : 

■Nautical Almanacs are made at public expense, and sold very 
cheap for the promotion of science. The price of a sicgle copy is from 
50 cents to Jl, barely enough to cover the cost of printing and paper. 
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3'aa. A. Jan. 26 {at 6 10 P. M.) 

Semi-diurnal aro, add 

Bight A. of meridian, 
R. A. of the 3, sub. 

Q) seta (apparent time), Cincinnati, 
Equation of time. Nautical Almanac, 



21 35 
4 57 



26 


32 


2 


20 37 


44 


5 


54 


18 


+ 


13 


1 



6 7 1 



This computation makes no allowance for refraction, or a 
for parallax. Within the latitudes of 40° on each side of ^_ 
the equator, the moon ia generally kept above the horizon »„ 
about two minutea longer by refraction, and will set about 
four minutes earlier in consequence of parallax. The 
efl'ect of the two causea combined make the moon set two 
minutes, or more, sooner than is given by the preceding 
result. Therefore, if we were making an Almanac for 
1857, for the locality of Cincinnati, we would record the 
setting of the moon January 26th, at 6h. 5m. 

Having the Nautical Almanac before us, and knowing 
the moon to be near her perigee, and her south declination u, 
decreasing, we know that the moon must set on the eve- 
ning of the 27th, more than one hour later — we judge 
about 7 15. This will make the Greenwich time near 
13h. Corresponding to which time, we find the moon'a 
right ascension and declination, as before, and compute the 
lime it sets. 



Thus, Oys R. A.-N. A., ■ - 22 31 
(3'8 Dec. 12° 19' S.) semi-diurnal arc, 5 19 







R. A. of Meridian. - - - - 
R.A. of Sun, N. A. (Sub.) 


27 50 
20 42 






3 sets (apparent time), 
Equation of time, N. A. ■ 


7 8 
13 



12 


Q) sets, mean time, Cincinnati, 
And thus we go :a from day to day. 


7 21 


1* 
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3 


41 


5 


21 


30 


39 


6 


10 


26 


+ 


14 


31 


6 


25 




+ 2* 
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TO COMPUTE THU TIME THE MOOH RISES. 

■.p\. On the 8th of February, between 6 and 7 P. M., Cincin- 
nati time, the moon fulls. What time will it rise on the 
9th? 

We judge that it will riae about one hour after sunset, 
or about 6h. ISm. Adding 6 37 we obtain lib. fiOm. foi 
the Greenwich time. 

h. m. a. 

m. Q)'s R. A. at that time. Nautical Almanac, 10 24 2S 

Semi-diurnal arc, (sub.) 6 43 20 

Right ascension of meridian, 

^'6 R. A. at that time, Nautical Aim 

3 rises, apparent time, 
Equation of time. Nautical Almanai 

0) rises, mean time, (uncorrected). 
Correction for K. and P. 

Q) rises, mean time, corrected, 6 27 

• The critical student will be doeirous to learn how to compute the 
precise effect of parallas and refraction on a heavenly bodj, Juat at 
thepoint of rising or setting. Toahowthie we tate the foIlowiEg 
example : 

In latitude 60° North, when the moon's declination is SU' North, 
horizontal parallax 58', and refraction 34', what is the semi-diurnal 
arc, refraction and parallai being duly allowed for? 

CONaiDEttATio:^,— The moon is dopressed 58' by parallax, and ele- 
*ated 34' by refraction ; therefore,lhemootj,in the horiaon, is depressed 
34' and will set when 3 star, or the aun, at the same point, as seen 
from the renter of the moon, would be 24' aboTc the horiion. 

Therefore, to find the trae semi-diurnal arc for tiie moon, we con- 
ceive a star at the altitude of 24', latitude G0°, and polar distance, and 
compute the polar angle, as eiplained on page 251. 

This gives the serai-diurnal arc for the moon, in Ihia example, 
eh. 31m. 5Ss. 

Bat the semi-diurnal arc, without refraction or parallax, is 8h. 36cb. 
SOs. Hence, the effect of parallax and refraction in this example ii 
4m. 29s. That is, the moon will set 4m. aSs. earlier, or rise 4ri 22s 
later than it would, unaffected by refraction and parallax. 

And thus we could compute exactly in any other example. 
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On the lOtli, the moon will rise about one hour later, 
or at 7h, 30ni., to whi^h add the longitude in time, 5h. 
37m., and the sum is I3li., Greenwich time. 

At that time the moon's right ascension, by the Nau- 
tical Almanac, was llh. Ilm. 34a. and its declination 
7° 11' 30' N. 

Q)'s E. A. (at 13b., Greenwich time), 11 11 36 

Semi-diurnal arc, (aub.) - 6 29 

Right A. of Meridian. - - - 4 42 36 

0'9 R. A. (Nautical Almanac). - 21 38 44 



Q) rises, apparent time, ■ - 7 3 52 

Equation of time. Nautical Almanac, 14 31 
Correction for Ref. and P. - ■ 2 

3 rises, mean time, - - - 7 19 23 

From latitude 39° North, and Q}'b declination, 13° 6' 
North, we find the semi-diurnal arc, to be 6h. 43ra. SOs. as 
above. 

Thus we may go on from day to day. 

The labor of making these calculations is not so great i 
BS it appears to be in these pages. bt 

Here we are teaching the pupil, and were compelled tom 
write out all our thoughts. In actual calculation we write 
out only the figures, and do not carry it to seconds for 
common almanacs. 



In the lunar table, we find 20 Arguments for the moon's ( 
longitude, and we have been requested to explain them, or P'' 
ghow to what I, 2, 3, 4, (fee. correspond. 

The sun is the only body that sendUy disturbs the mutual 
motions of the earth and moon ; and all motions, whether 
they be of the earth or moon, we attribute to the mooo 
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The mean lunar motion 
rariable ralue of the oxpressi 
■y to eiph 



APPENDIX. 

ble, according ti> the 



a-^ (see Art. 179). But 
all this over again. The 
variations of a, correspond to the Ban's anomaly, abbrevi- 
ated thus : ^An. 

The variations of r, correspond to the moon's anomaly, 
abbreviated thus : !^An. 

The variations of ^An. and 3-^"-' combined with all 
the possible positions of the sun, moon, and moon's node, 
"sill produce variations in the moon's motion. 

For the first ten Arguments the circle of 360° is sup- 
,i. posed to be divided into 10,000 equal parts; and from 10 
to Arg. 20 it is divided into 1,000 equal parts. 

The first Argument corresponds to the annual equation, 
caused by the sun's variable distance. 

The sun moves from his perigee lo perigee again, ir 
366 days 13h. Dividing 10,000 by 36Sd. J3h., gives us 
27.36 for one day — the mean motion of the sun 's anomaly. 

The symbol O— ©), indicates that the sun's mean 
motion must be subtracted from that of the moon. 

With these explanations, ive suppose that all the follow- 
ing indications will be understood: 



Motion in SI bouia 

Arff. \=^An. = 27.36 

2^2{Q)-0)—^An. = 650.08 

Z=ArgS-\-QjAn.^^An. = 1 040.36 

A=ArgS—0)An. = 287.17 

S=3^w.— ^^n. = 336.65 

G=Q)An.-\-^%An. = 372.03 

1=%{%An.^Q)yode) = 57.68 

8=Q}Jn.+0^«. = 390.27 

9=^An.—Q)J'enffee = 24.24 
lO=Z(Q)—^-QlX'.)+@An.= 70.17 

\l=£;veetion~rer.—2fode = 3I.2H 

12=2(0;— ®)+®^«. = 70..^S2 
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14=3ArgA3—^hom QjXode = 99.15 

ld=EveeHm—S Per.^tXode = 30.54 

16=3's motion from Ifode = 36.74 

\l=L<m.O)'^'i Lon% = 42,07 

\Z=Evection^'iLon.% = 25.994 i 

19=Motion of 3'3 Node = 
20=Motion of 3's Per.+Node = 



ARODUBtTTa FOr. LATIT 

Arg. I. The first Arg. is. of course, mo< 
hei nodfi. 

Arg. n. The second Arg. is the double distance of n 
from aun, minus the moon's distance from lier node. 

That is, 2i)=23-2# ^V=3+ no<i«- 

2d Arg. =2i)— xV=3— 2^— node. 

Moon's motion in one day, 13° 10' 36" 

— Double aun'8 motion, 69' 8° 1 58 16 

11 12 19 

Minu3 motion from node, 3 1 1 



One day's motion for Arg. ii. 1 1° 9' 8" 
Arg. III. Is the moon's longitude. 

N, B. — This eireumstanee would not afFect the latitude, 
if the earth were a perfect sphere. The same remark will 
'apply to the next argument— the 20th of longitude. 

Arg. IV. Is Arg. 20 of longitude. 

N. B. Whatever affects, i. e. accelerates or retards the 
moon's longitude, affects its latitude proportionally, unless 
the moon be 90° from her node. 
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The following elements for a solar eclipse, iu the yeat 
1858, will give the student an example independent of out 
comments and illustrations. 



An Anmiar Eclipse of the SUS, March 14-lS, I 
{as a partial one), at Greenwich. 



ELEMEHTa 1 


Greenwich Mean Time of [/ in Right Aa- 


h. m. B. 


censioD, March 15, 


44 7.6 


Sun and Moon's Right Ascension - - 


23 40 25.14 


Mood's Declination S. 


1 24 21.8 


Sun's Declination S. 


2 7 15.0 


Moon's Horary Motion in R. A. - - 


30 16.4 


Sun's Horary Motion in R. A. - - 


e I7.I 


Moon's Horary Moiion in Declination N. 


16 30.3 


Sun's Horary Motion in Declination H". 


59.2 


Moon's Equatorial Horizontal Parallax 


68 16.2 


Sun's Equatorial Horizontal Parallax - 


8.6 


Moon's true Semidiameter - - - . 


16 64.6 


Sun's true Semidiameter - - - . 


16 6.6 



Genera] «. Begins on the Earth generally March 14, 2Jb. 
"™«» "" S'm-^. Mean Time at Greenwich, in Longi- 
tude 50° 47' W. of Greenwich, and Latitude 4*= 268. 

Central Eclipse begins generally March 14, 22h 
4Sm. 1 , in Longitude 67° 60' W. of Greenwich, 
and Latitude 11° la'N. 

Central Eclipse at noon, March IS, Oh 44m.l, 
in Longitude 8° 46' W. of Greenwich, and 
Latitude 45° 44'IJ', 
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Contral Eclipse ends generally March IS, Hi 
aSm.l.in Longitude 81° 40' E. of Greenwich, 
and Latitude 69° 19'N. 

Ends on the Earth generally March 16, 2h 38m. 6, 
in Longitude 49° 44' E. of Greenwich, and 
Latitude 53° 46'N. 



From the preceding elements the Englieh Astronomera 
have defined the line of the central eclipse, by the follow- 
ing table of latitudes and longitudes. 

The student, if he operates as taught in the preceding » 
pages, will find nearly ilie same line, but he will not ^'>^'^^ 
the same points, unless he works from precisely the same ^ 
triangles — but that is by no means probable. 



Line of Central an 


d Annular Eclipse. 


Longitude. 


Latitude. 


Longitude. 


Latitude. 


67 60 W, 


n 19 N. 


18 25 W 


36 «5N. 


£6 34 


11 40 


8 20 


46 7 


51 12 


12 30 


1 18W 


51 49 


43 54 


14 33 


9 17 E. 


58 2 




17 44 


23 10 


63 18 




26 24 


46 40 


67 66 


23 9\V 


29 57 N. 


64 40 E. 


69 19N. 



The Southern line of simple contact will pa 
the following points of latitude and longitude ; 



I through 



Longitude, 


Latitude, 


Longitude, 


Latitude. 


62 51 W. 


83 60 S, 


°1 9 E. 


6 37 N. 


53 29 


23 45 


6 29 


12 42 


38 20 


21 44 


19 22 


23 22 


30 43 


19 32 


27 34 


27 36 


15 53 


11 29 


44 30 


32 36 




26 


62 7 


33 45 


4 49 W 


6 36 S. 


62 28 E. 


34 28 N. 
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Ecliptte bt'gins at 


Eclipse ends at Sunrise, 


u.eit«d. 


Latitude. 


Longitude 


Latitude. 


Longitude 


Latitude. 


63 SOB 
70 58 
77 6 
79 13 
69 17"= 


34 41N. 
40 8 

63 47 
83 69H 


12 14W 
97 56 
93 31 
96 21 
91 15 
88 48W 


87 50N. 

67 3 
59 58 
43 50 

34 asM. 


86 43 W 
81 17 
78 9 
74 57 
67 61 
63 5fiw 


S6 26N 
B 48N 
4 14B 

12 7 
SI 54 
33 378 



These elements also give an Annular Eclipse tbrougli 
England, central at the following points of latitude and 
longitude. 
u If a student wishes to try his skill at projecting local 
^Eclipses, let him take the latitude, and eoneeponding 
longitude, from this table, and if he is successful, the cen- 
ters of the sun and moon will fell on tLe same point at the 
time of greatest phase. 

The times here mentioned are the times of central 



















Longitude. 


Latitude. 














The King. 




d h 


m s 


o 


o 


■H 


OantralLIu 


Mar. 16 



54 
66 


4 J2.4W. 
3 40.6 


49 39. 4N. 

50 4,6 


8.1 
8.7 


Uh AllanliD 





66 


3 7.7 


50 29.9 


9.3 


itSSm. 





67 


2 33,7 


50 66.7 


9.9 







68 


1 58 7 


51 21.3 


10.6 


Eiiu inlo 





69 


1 22.4 


51 47.3 


11.1 




1 





44.7 


52 14.0 


11.7 




1 


I 


6.8 W. 


62 40.8 


18.3 




I 


8 9 


34.6 E. 


53 7.9 


!2.9 




1 


S 


1 16.7E. 


63 35.6N. 


13.S 
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LC.1-AR PBKIUKBATIONS. — A FBAOMBNT. 

Students in astronomy very naturally infer that the at- 
tractions of Venus and Jupiter, (when thost planets ara 
nearest to the earth,) affsct the longitude of the moon. 

Indeed, some have been so confident of this as to infer do ih 
that Bome of the lunar equations were the results of such p^°'"^j^** 
planetary attractvw-S. But we assure them it is not so — „oiioiii 
none of thfi lunar equiiti^ES refer to any other disturbing 
body than the sun. 

Yet all other bodies do disturb the lunar motion, but the 
amount of other disturbing forces is absolutely insensible, 
4S we shall show by the following analysis : 

The lunar perturbations by the action of the sun, arise, 
as we have seen by the various applications of the expres- ^^_^.^°" ^^ 
eion — , in which S represents the mass of the sun, and qoeiUon. 
a the distances of the sun from the earth, which la 1 at us 
mean distance. 

But the greatest effect that this expression has, is that 
of changing the eoeentricity of the moon's orbit, which 
change will affect the moon's longitude to the amount of 
1° 20', or of BO'. 

Now in the place of S, the mass of the sun, in the ei- 

pression — , let us take the mass of Venus, and let a. rep- 
resent the nearest distance between Venus and the eartii. 
For the sun the mean value of a=l. But for Venus, when 
that planet is nearest to the earth in mean distance, a=l — 
0.7233=:0.27e7- 

The mass of Venus is about the same as that of the earth, R..giti» 
and when the earth is l.the sun is 354936 (seepage lyg). ^^'*''^''» 
That is. if r==l. 5=364936. Now let the effect of 
Vanus on the lunar motion be x, then we shall have the 
following proportion : 

I? : 80 : : —HL- : .. 
2a' 2(0.2767)' 
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Or 4446 : 1' : : ^ - : x. 

(0.2767)3 

x= . — , which reduced, gives a very smal' 

4446 (U. 2767}= 
fraction of a second, for the value of x 
a. The mass of Jupiter is about 320 times that of Vecus, 
but its nearest distance is about 15 times the nearest dis- 
tance of Venus; therefore, the effect of Jupitei on the lon- 
gitude of the moon can never be greater than 

60'.320 

4446(0.2767)3"(15)3 
"' which is but a small part of a second, and of course insen- 
sible. Therefore, the perturbations produced on the 
moon's motion by the planets, are not, and need not 
be taken into 



TRANSITS AND OCOULTATIONS OF JUPITER S SATELLITES. 

iMiWof This appendix is designed for fragments of useful astro- 
:or'i .ai- nomical knowledge. And we believe that the following 
''^^ "f explanation for computing the approximate times for the 
shnd. transits of Jupiter's moons across the planet, and the tran- 
*"" ° sits of their shadows also across the face of the planet, and 
!t. How their occultations behind the planet, will be highly appre- 
'""*■ dated by all true scholars. 

The eclipses of these satellites are computed from the 
tables constructed on purpose — and theyjUl a large volume. 
We do not pretend to compute these, but take them as they 
are given in the Nautical Almanac, and from ihera compute 
the transits and occultations, using the mean motion of the 
satellite. In respect to the first satellite, our results are 
i.able to an error of about 4 minutes — but usually, they 
will be much less. 

The Immersion andEmmersion of the same eclipse of 
Jupiter's first satellite are never visible from the earth, be- 
cause one side or the other of the placet's shadow is hid 
by the body of the planet. 
menK. FoT this and other reasons we must always compute the 
» KjouJ ggg.]g between the earth and sun, as seen from Jupiter f.% 
the time, or about the time in question. Sufficient elemei tf 
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APPEh DIX, 
tre given in the Nautical Almanac to cc 
with ease. 

For example, we take January lUh, I 
and find by tlie N. A., that at that tim 
The longitude of the sun is 2!>0° 5C 
Subtract 180 



npute this a 



Lon.oftheearth, seen frora@ 110° SO' 
Ijongitude of Jupiter - - 47 5 

The Ang\eJS£ - - 63" 45' 
As lo^. JE 
Is to aln. 63° 45' 



Soi! 



■. SE 



0.667088 
- 9.952731 
—1.902800 



Log. of JE, 



1. 10" 57' 
ind lofr. o 



fSBmS 



278443 

■f S A', ;iie givei 

The next figure ■ 




its shadow opposite the sur 

A. n, C, D, F, portions of the o 

bit of the first satellite. 

The moon moving in the direc- 
tion from A to B, when it is at B, 
it is thetimeof the emmersion from 

QOa.nA%Ea.Ye lines drawn di- 
reet to the earth, and QD, OlJ'are 
lines nearly parallel to tlie sun. 

When the satellite arrives at C, it ' 
is seen projected on the face of the ^^ 
planet. Wlien it arrives &i D, itspw 
shadow is cast on the planet. When 
it arrives at E, the transit of the 

earth, and when it arrives at F, the 

transit of the shadow is completed. 

When Ihe satellite passes on and 
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APPENDIX, 
arrires at H, it apparently g;oea behind the pl-inet, as it U 
said to be occult, but it is not eclipsed, properly speak- 
ing, until it arrives at A, But the satellite is not then 
visible, and this immersion into the shadow is not noticed 
in the Nautical Almanac. The emraei'sionsat£, are com- 
puted, even to seconds. Our attention 'm here confined to 
the first satellite, but the principles are the same for all. 
>w The radius of the planet is I, and the radius of the orbii 
'^ is 6.0486. These will give us the arcs AB, &c. 

BD and AF, are lines to the sun nearly parallel, at.d by 
obvious computation, we lind that the are AB on the orbit 
=18° 50', DF&-aA C^each 18° 56'. 

The angle CQD is constantly changing, but at this time 
it is 10° 67'. Hence, CF^^^.Q" 5a'. BO=\m°—n'' 63' 

=160=" r. 

The first satellite passes over 360° in 42h. 14m. 28a. 
Therefore it passes over the following arcs on its arbil 
8 set opposite to them. 



The times are give 


n in hours, minutes, and hundreds of 


a minute. 

Area. Time, 


Arcs. Time. 


Area. Time. 


10'= ".IB 


6°= ''42.48 


140°=I6 31.20 


2U'= 2.36 


7°= 49.56 


160°= 17 42 


30'= 3.64 


8°= 56.62 


300°= 35 24 


40'= 4.72 


9==1 3.72 




50'= f..90 


]0°=l 10.8 




I°= 7.08 


11 =1 17.88 




S°= 14.16 






3°=21.24 






4°=28.32 


ig°=2 14.62 




6°=35.40 


20°=2 21.60 




By the Nautical Almanac we find that tbe first satellite 


passed B, and reappeared from an eclipse, mean Greenwicli 


tim«, 

Jan. 


10, 


36 10.4 


From 5 round to (7 150" 7'= 17 


43 nearly. 
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TfaiiBit of sal., Immersii 
Result in Naiit. Almanac 
Fmhi 010-0=10" 67'= 


APPENDIX. 

d. h. m. 

ill, 10 18 19 

is 10 18 24 

1 17 


36ia. ^ 
J3m. ■ 




Transit of ehadow, Immei 
From Sto E1° 6P'= 


■a. 10 


19 41 1 
56 


1 N. A. 


Transit of satellite, Em. 
From £• to -F 11*° 57' 


10 


20 37 
1 17 


ill N. A. 


Transit of shadow, Em. 
From Fta H 150° 7' 


10 


21 54 
17 43 


.n N. A. 


Oecultation of satellite 


n 


15 37 


in N. A. 



The satellite will not bo seen again until it passes B, or 
passes over an arc which we have estimated at 29° 53', or ^^ 
in time 3h. 31m. This added to the last result will give 
lid. !9h. 8m. for the reappearance of the satellite. By the 
tables it is lid. 19h. 5m. 14s. 

We can now go over the revolution again, after finding 
a new value for the angle OQD, and thus we might pro- 
ceed over any number of revolutions, and with any one of 
the satellites. 



ELSHBNIS OF 1 

1846. 

enwich^f.T. ofcJin R.A., 4 55 54-5 19 50 12.2 ^ 
iiid «'s Righi Ascension, 2 118 -31 1-3 38 31 -54 



m'i 


i declination, N. 


18 25 19 -8 


S. 


10 23 43-0 


O'l 


I declination, N. 


13 13 21 -2 


S.10i5 3-9 


9'i 


3 hourly motion in R. A., 


33 65 1 




30 42-2 


O'' 


i hourly motion in R. A., 


2 21-3 




2 21-5 


Ci'i 


i hourly motion in dec. N. 


8 23-6 


S. 


8 37-0 


o'l 


i hourly motion in dec. N. 


48-8 


s. 


54-1 


•'> 


i equatorial hor. parallax, 


57 53 -8 




55 33-4 


o'l 


} equatorial hor.parallas. 


8 -5 




8-6 


»': 


9 true Bcmidiameter 


15 46 -5 




15 8-4 


o'< 


s true semldiaraeter. 


15 54 -5 




16 5 -ft 
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APPENDIX. 
THE APBII. KCLIPSB. 

"* "■ Begins on the eartli generally April 25 d. 2 h. 2 m. 4 s.. moac 

time at Greenwich, in longitude 119° 40' W. of Greenwich, 

and latitude 6° 15' S. 
CenttiJ Kelipao begiiB generally Apri^ 25 d. 3h, 3 m 

in longitude 135" 51' W. of Greenwich, and lat. 1" 11' S. 
Central eclipse at noon, April 25 d. 4 h. 55 m. 9 , 

in longitude 74° 31' W. of Greenwich, and lat, 25° 21' N, 
Central eclipse ends generally April 25 d. h. 37 ni 

in longitude 3° 43' W. of Greenwich, and lat. 24° 56' N, 
Ends on the earth generally April 25 d. 7h. 38 ni 

in longitude 20° 4' W. of Greenwich, and lat. 20° 52' N. 

IHE OCTOBER ECLIPSE. 

Begins on the earth generally Octoher 19 d. 16 b. 46 m. 7 s. 
mean time at Greenwich, in lon^tude 16° 21' E. of Green- 
wich, and latitude 9° 50' N. 

Central eclipse begins generally October 19 d. 17 h. 52 m. Os. 
in longitude 0° 82' W. of Greenwich, and lat. 6° 44'N. 

Central eclipse at noon, October 19 d. 19 h. 50 m. 2 a 

in longitude 58° 41' E. of Greenwich, and lat. 19° 22' S. 

Central Eclipse ends generally October 19 d. 21 h. 3S m. 9 s. 
in longitude 126° 5' E. of Greenwich, and lat. 23° 51' S. 

Ends on the earth generally October 19 d. 22 h. 44 m. 1 a. 
in longitude 109° 6' E. of Greenwich, and lat. 20° 47' 9. 

The following is a catalogue of the solar eclipses that will 
bo yiaihle in New England and New York, between the yean 
1850 and 1900; the dates are given in civil, not astronooi- 
cal, time. 

ttiatici 1851, July 28th. Digits eclipsed, 33, on sun's northern limb 
lew" 185*' '^ay 2^*^- ^^ computed in the work. 

1858, March 15th. Sun rises eclipsed. Greatest obscura- 

tion, 5^ digits on sun's southern limb. 

1859, July 29th. Digits eclipsed, 2^, on sun's northern limb. 

1860, July 18th. Digits eclipsed, 6, on sun's northern limb. 

1861, December 31st. Sun rises eclipsed. Digits eclipsed 

at greatest obscuration, 4|, on sun's southern limb. 
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5. October 19th. Digits eclipsed, 8i, on Bun's southern 

limb. 

6, October 8th. 

no eclipse. 
9, August 7th. Digits eclipsed. 10, on sun's southern 

limb. This eoHpse will be total in North Carolina. 
3, May 25th. Sun and moon in contact at sunrise, 

Boston. 

5, September 29tb. Sun rises eclipsed. This eclipse 

will be annular in Boston, Maine, New Hampshire, 
and Vennont. 

6, March 25th. Digits eclipsed, 3i, » 

8, July 29th. Digits eclipsed, Tf. o 

limb. This is the fourth return o 

of 1806. 
(0, December Slst. Sun rises eclipsed. 

at greatest obseuration, 5^, on sue 
15, March 16th. Digits eclipsed, 6i, en sun 

i6, August :!8th. North of Maesaohusetts i 

south, eun eclipsed. 
J2, October 20th. Digits eclipsed, 8, on sun' 

37 July 29th. Digits eclipsed, 4i, c 

DC May 28th. Digits eclipsed, 11, < 

limb. The sun will be totally eclipsed in the Stat« 
of Virgiai& 



L digit eclipsed. South of New YttA 



>n sun's northern 

u sun's sonthern 
f the total eclipse 

Digits eclipsed 
I's northern limb, 
on sun's northern 



I northern*' 



n's southern 



I south em 
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CONTENTS TO APPENDIX. 



*'""■""■• A more general erposition of the adar eclipse of Maj, 1851, 
, ,HBi- given in respect to its entire appearaoce OTer the eartli. 

The elemeEts being taken from the English TTautical AJ- 

inanac, iQ Wmis of Right Asceaaion and Declination 

The Deceasaiy preparations for the computation in all its 

particulars, 

CoiDputations of the latitudes of the several points of begin- 
ning, ending, Jio 

Problems of Longitudes of the same points 

Lan. and Lat. of anj assumed point, 

Minute calculations respecting local eclipses, 

Ksing, passing meridiau, and setting of the stara, planets, 
aud moon, — how computed, 

Arguments for the small equations of the moon iu Longitude 
and Latitude, noted 

Elements of the solar eclipse in March, 1858, — Oiven aa an 
eiample, 

Lunar Perturbations — A Fragment 

Transits aud OccultatJons of Jupiter's Satellites 

Catalogue of eclipses nhich will take place between the jcsrs 
1850 and 1900 

Table of the Asteroids, on page 55 of Tables. 

968 
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TABLES. 



■STBACIS FKOU THE 



ALMANAO FOB JANIAJ 



Longilude. Latitude 



4G 15.3 

1 47 2G,1 

2 48 36.l> 

4|2g3 49 46.5 
a i84 50 5... 
G 285 52 5.3 I 

7 266 53 13.9 f 
i 387 54 92.0 
9 388 55 29.7 

10 289 56 36.8 
U i9(l 57 43.4 
la MI 58 49-5 



J.9926(i 

1.99261 

).9PaG7 
).!i936f 
».9926f 

!».9927(l 
.99271 
(.99272 



OS ){)3 9 98.9 I 
2:l i03 10 30.4 
24 W4 U 31.3 

IS W& IS 31.5 

2f urn 1.1 

iTpOT 14 2D.3 

5 26.8 
!3 309 16 3 

10 HO 17 1&.5 

11 Ul lU 12.6 



199282 122 5 
.99385 134 4 
9.9928f 14G 4 



9.99304195 9' 
).99308 308 li 
3.99313 221 II 

.9931 e 234 51 
9.99323 248 51 
.9932t 263 1! 

9.99334 278 1! 
9.93339 293 2i 
.99345 :iO& 4: 

3.99351 :)24 ■ 

.99357 :)39 ; 

.99363 353 4 

3.99369 8 i 



THE MOON'S 



3 39 S.9 i: 

3 43 1.9 1; 
1 39 55.7 li 
33 

4 23.2S.0 33 
9 30.1 1 36 

5 21.8 a 35 

3 25 55.4 

4 7 13.7 
4 37 30.7 1^ 



I 3 90.51; 
i 19 11.7 

3 15 5U.9 

4 8 2.8 1( 
4 43 49.4 

i 59 32.416 



.654 54.1 
.5 54 3 

.9 54 14.6 

.8 54 3.3 
.1 53 57.0 

.7 53 55.7 
;.8 53 59.8 
..5 54 9.7 

1.0 54 26.0 
1.3 54 49.0 
.,6 55 19.7 

1.9 55 5S.4 
.7 56 44.4 
!,057 37.0 

'.358 32.9 
!,5 59 28.8 
i.2 6U 19.0 



.7 61 4-9 
.9 60 29.1 
.659 40.3 



.993751 91 40 34.3 N 
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KIAN ASmONOiacAL BBFRACTIOKB. 
Barumeter 30 in. Tliermometer, Fah. 50". 



3T51 
3" 5 
31 5 
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CORRECTION OP MEAN REFRACTION. 











Higit 


of tn 


e Thermometer. 












W" 


2P 


-32^ 


leo 


40° 


"445 


5a" 


56° 


mo 


64° 


68° 


720 


7GD 


"8B31 


° ' 1 +" 


+" 


'+" 




■+" 


'+" 


















D.iola.18 


1^5 


























(LOO 


M2 


1,49 


























0.20 




1.44 














44 










2. 


0.30 




1.39 


























0.40 




1.34 












24 












53 


0.50 




159 




















3( 






1.00 




1.25 
























1.10 


1.38 


1.21 
























L20 


1.33 


1.17 


























1.30 


1.29 


..14 


















54 








1.40 


ijas 




























1.50 


i.ai 




























a.oo 


..18 


L05 


















48 








a.ao 




1.00 


















44 








2,40 


'.'m 


55 


44 
























3.00 




51 


























3.20 


57 


47 


























3.40 


53 


44 


























4.00 


49 


41 


























4.30 


45 


3S 


























5.00 


41 


35 
























40 


5.30 


38 


32 


























E.00 


35 


30 


























6.30 




28 


















'Ml 








7.00 
8 


31 
27 
24 


26 
20 


























10 


22 
20 


18 
17 
























9" 


19 


IS 


15 


























13 


n 


14 


























14 


IG 


13 
























15 
18 


15 
14 
13 

la 


12 

12 
11 
11 


























19 


u 




























20 




i 


























ai 


li 




























2a 


i( 


8 


























a3 




8 


























a4 


! 




























25 


8 


■ 


























2G 


8 


7 


























27 


1 


1 


























10 


■ 


1 


































~+' 


~+' 




"^ 


~+ 














I 


M 






Eight of Llie Barometer 
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TABLES. 
TABLE II. 



OEAH PLACES t 



!U,.,™. 


1 

a .3 

3 
3 

2.3 
2.3 
3 

3 
3 

2.3 

a. 3 

3 

2.3 

2 

2 
3.4 

2.5 

a 

1 

3 

1 
6 

2.3 

3.4 

i,a 

2 

3,4 

4 
3.^ 

2 

2 
3 
3 

1 


Ufght iseen. 


.„-,.,. 


DecUantiou. 


Ann, Vn. 1 


I AKD110MED.E, 

> Pmasi (Atgenib),.... 
& Evdri 


2G.257 
5 18.691 
17 34.168 
31 4a294 

35 51.339 

1 3 52.226 
1 16 19.692 
1 31 58.291 

1 58 30.193 
a 35 19.633 
a 54 14.072 
3 13 31.403 

3 38 20.382 

3 50 50.760 

4 27 5,404 

5 5 19.317 

5 16 33!662 
5 24 8.428 
5 35 56.406 

5 28 24.062 
5 34 4531 

5 46 50.189 

6 13 38.621 

6 20 32,145 
6 26 30.237 
6 38 21.883 

6 53 34.440 

7 10 55,298 
7 34 46.065 
7 31 14337 

7 35 53.1.13 

8 59.333 
8 38 37.154 

8 48 38.088 

9 13 58.193 

9 30 i.no 
9 22 31.453 
9 37 6.09S 


+ 3.0730 
3.0784 
3.3054* 
3.3418 

+ 2.9995 
17.1346* 
3.0015 
2.3339 

+ 3.3475 
3.1085 
3.1266 
4.2324 

+ 3,5473 
2.7898 
3,4374 
4,4083 

+■ 3,9787 
3,7327 
3,0609 
2.6425 

+ 3 0404 
2.1691 
3,2433 
3.6257 

+. 1,3279 
30.7946 
2,6459* 
3.3558 

+. 3.5918 
3,8561 
3,1445* 
3,6829* 

4- a,5596 
3.1966 
4.1261* 
1,6100 

+ 2.9499 
4.0504- 
3,4358 


N^aTi ^'.40 
N.14 19 37.80 
S, 78 7 24.40 
N.55 41 31.06 

3.18 49 59.01 
N.a8 29 17.88 
3. 8 58 45 93 
3.58 1 14.34 

S-.22 43 53.86 
N. 2 35 1.17 
N". 3 35 55.70 
N'.49 18 28.30 

N-.a3 37 27.73 
3.13 57 1.50 
N.IG 11 41.39 
N.45 50 6.56 

3. 8 23 3.33 
S58 28 17.49 
3. 25 4.86 
J. 17 56 12.77 

3. 1 18 17.53 
J. 34 9 36.95 
N. 7 22 22.32 
N.22 35 13.16 

3.52 36 49.17 
N'.87 15 31.20 
5.16 30 32.8; 

N.22 15 37.47 
N.33 13 12.93 
N. 5 36 54 95 
fT.28 23 34 06 

J. 23 51 50,94 
N. 6 58 48.51 
N.48 38 32.35 
3.58 37 49.78 

i. 7 59 39.05 
N".52 22 31.09 
N.24 38 49.46 
N.ia 43 2.96 


+2'0.'O55 
30.050 
19.997 
19.863 

4-19.810 
19.379 
18.953 
18.461 

+17.432 
15.621 
14.533 
13.329 

+11.620 
10.711 
7.097 
4.737 

+ 4.533 
3.776 
3.133 
3.968 

+ a.754 

2.263 

+ 1.149 

- 1.196 

- 1.796 
2.337 

4.434'' 
4.562 

- 6.110 
7,253 
8.758* 
8.152 

-10.104 
12.300 
13.464 
14961 

—15.366 
16.1 08* 
16.283 

—17,377 


iclZ:;^::.:::::.::. 


. Ue9. Wis. (Polaris),. 


> Kridani (AeA«-nar),. 










}> Eridani, 

a TiuM, (JWeiiWflB),.. 
s AUB10.E, (OipeWa),... 

^ ObiOHIS, (fl^O 






I Oeionis 






= Argus, (Cono^iM),... 

&1 (Hey.) Cephei 

a Oamis Maj., (SifiiM), 
. Oania Majoris, 


^ GKUJNoa, (i-oHui),.. 


1 Hydrie, 


1 UrsiB Majorls 




9UrsiB Majoris, 

.Leonis..; 


« Lboscs, {n«3«/u8),... 


10 lO.ora 


4- 3,2911 
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/ Lb MB 
JHjdr-B U On 



13 Canum 
• VmoiMS (Sptca ) 
■ Unsj! Ma J OBIS 

jg Centauu 

a BoOTiB (Arclurits 



a C0EU\£ BOBLALIB 
a SkBPEVTIS 

^ Ursie Minons 
«> Scorpii 

J OfbilChi 

« Scoapii (Aniareg ) 

> DracoQiB 

K iriaii^uli Austraiis 

I Ursse Minorie 
a Hehculis 
J- Oct-intis 
8 Dgaconib 



y Draloms 
fi' Sagitt^nt 
^ Ubb^ M in obis, 



' Aquil£ ( Wall 



10 39 

2 lu 54 10.737 ' 
5 54.51 

U 38.718 

"l 11 41 la.OI 

11 45 42.219 ' 
la 9 26.&93 
la 18 4,9ie 

3 12 id 18.465 H 
i 49 007 

13 17 5.233 



2,3051 
3.8001 
3.1928 



• N.IS 25 58.12- 



3.1342 

2,8403 
3,1512 
2-35a5' 

I- 2.86!(6 
4,1508 
3.7336* 
4.0165* 



9. 22 32 39.93 



19.24 
19 50 
19.61 

-1999 
2(1.02 
20.04 
19.99 

—19.93 
19.60 
18,94 
18.ia 



4 38 15.706 J 

14 43 23.132 J 
1 13.199- 

J 15 8 43.595 H 

15 38 10.083 
3 15 36 41, 

15 49 41. 

15 66 29.397 

1G.830 -f 

16 1!) 5S,46I 
16 2\ 65.119 

6 32 35.090 -\ 



3,3102 
0,2692 
3,2226 

+ 2,5379 
2,9.S9l 
2.3520 
3.4742 



N.19 10 21.03 . 

59 37 ; 

^■,19 59 13.07 

3 60 11 37.0( 

N,27 43 35.2: 
3. 15 23 63.5i 
N.74 47 5.5! 
^ " 48 38.5: 



17.67 
18.94* 
15.13* 

-15.46 
15.23 
14.71 
13.63 



N.27 14 11.07 _ 
tf . 6 54 49.88 
N.7B 15 65.43 
i. 19 22 44.1f 

3, 3 17 35,67 _ 



7 37,617 
17 22 55,004 
17 26 57.473 

7 37 47.219 

7 33 1.955 

8 4 33.276 
a 22 0,703 



1- 2.7320 

H«.8627 

1,3513 

1- 2,7727 
1 .3900 
-I- 3.5861 
— ]9^683»In 



16 52.30 - 
N,14 34 12,67 
" "16 10.25 



19 J8 56.278 J 
19 43 16.128 
3 4 19 47 44.866 
po 9 30,316 



I- 2.0118 

2.2124 

3.7566 
I- 3.0086 

2.8511 . 
3.9254* tJ 
3,944ti 
3.;i315 



40 37,11 - 

N.51 30 3 " 

36.14 H 

42.58-) 

K.38 38 36.3; 

N.33 11 liM 

N.13 38 20.4! 

N. 2 4B 43.64 4 
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> TJrBffl Mi 
« Cyoni... 

61 > ClQNl,. . 

Oygni, .. 
^ Cefhei,. 



a Aquami, . 
Z Pegasi, . . 



a 20 13 95.814 

5 |SI) le 

6 11.005 

9 59,94: 



+ 4.80*6 
—52,1373 
+ 2,0418 



i PlBcium, 

Those Annual Variatioi 
by an Asterisk. 



.3 31 36 37.3' 
1 pi 67 52,3! 

1 58 29.837 

2 33 4G,976 

n 49 ' 
J3 57 ! 
"" 32 i.736 



2.9441 
3.0331 
3.8134 



3.3095 
2.9776 
3.0569 
2.4042 



13 19.50 -( 
60 53.54 
43 57.43 
N.37 59 42.nf 

9 35 53.0; 

! N.61 66 4.5; 

". 6 14 4441 

.69 53 7.31 

N, 9 iO 17.35 A 

" 1 3 56,72 

47 42 19.43 

N.IO 1 44.67 

30 20 12.28 
N.14 22 40.12 
"" 47 30.74 
N.76 46 " 



z:^ 



15.07 
15,Sfi 
16.73 



17.38 
17.30 
18,65 

+ 19.11 
19.31 
19.36' 
19.92 



NSION FOK U46. 



■Sr 


January. 


Febmarj. 


Jiuch. 


April. 


M«s. 


J.«. 
























41 59 


2 23 6 




6 


19 4 SO 


21 15 33 


23 3 12 


56 26 


2 48 25 


4 52 19 


10 


19 26 21 


21 35 18 


93 21 40 


1 14 43 


3 7 47 


6 12 .no 


16 


!9 47 57 


91 54 54 


93 40 


1 33 6 


3 27 24 


6 33 34 


MO 


20 9 17 


99 14 12 


23 58 14 


1 61 38 


3 47 15 


5 54 23 


yft 


SO 30 19 


23 33 14 


lU 95 


2 10 22 


4 7 20 


G 15 10 


3U 


20 51 




34 36 


2 29 17 


4 97 8 


6 35 55 


















July. 


ADgnsl. 


Sfptomber. 


October. 




Doi^ember. 


















8 44 55 


10 41 


12 29 4 


14 25 16 








9 23 


10 55 99 


12 43 36 


14 4] 2 


16 46 23 








11 13 30 


13 1 54 


16 i 5 


17 8 17 


15 


7 37 25 


9 38 21 


11 31 28 


13 20 24 


15 21 28 


17 30 92 


yo 


7 57 33 


9 56 60 










25 


a 17 28 


10 15 97 


19 7 94 


13 68 9 


16 3 19 


18 14 46 






10 .33 44 


12 25 27 


14 17 27 


16 94 43 


18 36 57 



I, A. in this table will answer for corresponding days, in otber yean, 
our minutes ; and for periods of four years, the difference [s only about 
«oDd3 for each period. 
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i SOL.^R STSTBJL 



7687 68 
70ia 95 
4189 144 
938- aa4,340,000 



a53,60U.om) 
Not well U6I); aa,23e.o[i0 

iiail[ 2135 lu"" 



7fl040 HOO 
350001800 
35000|aEi50 



0.3871)989.587818 
0.7a;i339 9.859306 

i.noooo0|0.oiioooo 

1. 523693*1.1 82810 
2.36ia0 0.373100 1 
a.37S8U 0.376384 " 
a.42190 0384(104 
9.52630 0.40a487 
2.5895 kl.4132ir 
9.66514 ^.495710 
9.76910 442334 
2.77125 0,442725 
5.9C12776'0.716aia 
9 53878™ 979476 



I512.nearly 
1594.721 
1683.064 
1685 169 



219817 
306e6.89f' 
59 |l.477121 60198 14 



390 1 .i 



.9711646 2.836942 
3.191991 

3.123190 
3.138303 
".167300 
.179547 
.903700 
3.226086 
".226610 
.636738 

i.osnie 

4.486953 
4.779076 



■LBMBNTS OF OEBITS 1 



; THE BPOOH OF 1850, JANUARY 1, .MBAN NOON « 
QKEENWICH. 



P,.n.t. 


Inc1in,tl'n VBri^toB 




Perlhslion. 


year-. 


M.»n i™gl. 


Mercury 

Eattli.'.'. 
Mars... 
Vesta... 
Juno.... 
Ceres... 
Pallas . . 
Jupiter. 
Saturu.. 
Utanus.. 


7 18 +18.9 
3 93 96 — 4.6 

1 51 6 — 0.2 
7 8 29 —19. 

13 9 53 

iO 37 17 

34 37 44 

1 18 49 -aa. 

9 99 99 —15. 
46 27 3. 


46 34 40 

75 17 40 +51 

48 ao 34 +4a 
103 20 47 +36 
no 53 

SO 47 56 

179 42 38 

98 55 19, +57 
ua 22 54' ^-51 

73 19 +34 


75 9 47 
199 92 53 
100 22 10 
333 17 57 
954 4 34 

54 IS .19 
147 95 41 
191 30 13 

11 56 

90 7 
168 14 47 


+ 93 
+ 78 
^103 
+110 
157 

+ '95* ■ 
+116 
+ 87 


397 17 9 
243 58 4 
100 47 1 
189 9 30 
113 93 19 
165 17 38 
1 3 10 
397 31 94 
160 21 50 
13 58 13 
98 20 29 



• Recently some airty-two Astern JS have been discoTered, by differenl ^ 
.errers. A table of twenty-two wf. be found m. page 55 of tables. We give 
the logarithms in the tables, that the data may be at hand to exercise the stu- 
deut ffD Kepler's tliird law 
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TABLE III. 

TABULAR VIEW OF THE SCLAR STSTEtt 



NuneB. 


MlM. 


Density 


Grarity 


BoUlioa". 


"■''Zr 


Mercury . . 
Venus.... 

Earth 

Mars 

Jupiter... 
Saturn.... 

Suo 

Moon 




3.244 
0J94 
1.000 
0.973 

0.132 
0.246 
0.256 
0.665 


1.22 
0.96 
1.00 
0.50 
2.70 
1.35 
1.06 
28.19 
0.18 


24 "s 28 

23 21 7 

24 

24 39 21 
9 55 50 

10 29 17 
Unknown. 

25 12h. 0„, 
27.. 71,, 43m. 


6.680 
1.911 
I.OOO 
.431 
.037 
,011 
.003 



TABLE III. 



p,..» 


BfKnlridOM 


VsplalLon In 100 


of SB5 rteys. 


lonsimile. 


Earth 

Mars 

Vesta 

Juno 

Ceres 

Pallas 

Jupiler 

Saturn 

Uranus 


0,20551494 
0.00686074 
0.0167aS57 
0.09330700 
0.08856000 
0.25556000 
0.07673780 
0.2419D800 
0.04816210 
0.05615050 
0.04661080 


+ .000003868 

— ,000062711 

— ,000041630 
+ .000090176 
+ .000004009 


53 43 3,6 
224 47 29.7 
—0 14 19.5 
191 17 9,1 


' " 

4 5 32.6 

1 36 7.8 
59 8.3 
31 26.7 
16 17,9 
13 33.7 
19 49.4 
12 48.7 
4 59.3 
3 0,6 
42.4 




— .000005830 






+ .000159350 

— .000312402 

- .000025072 


30 20 31.9 
12 13 36.1 
4 17 45.1 



lODS, 



a. 



Mean sidereal revolution 27.321661418 

Mean synodical revolution, 29.530588715 

Mean revolution of nodes (retrt^ade), 6793.391080 

Mean revolution of perigee (direct), 32:12,575343 

Mean inclination of orbit, 5^ 8' 48" 

Mean distance, in measure, of the equ. *orial radius of 

the earth, 29.98217 

Mean distance, ii. measure, of the mean r.Jiu 30.20000 
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TABLE IV 
EDN'3 epochs. 



Yw. 


M. 


Long. 


Loj. 


Per 


g«e. 


I. 


II. 


III. 


N. 


1846 


9 8 


45 


8 


9 


8 


17 


17 


134 


673 


897 


379 


1847 


9 8 


30 


48 




8 


18 


19 


484 


588 


623 


433 


1848 B. 


9 !) 


15 


■S! 




8 


19 


20 


878 


505 


151 


487 


184» 


9 9 




17 


9 


8 


20 


S3 


938 


420 


775 


540 


18511 


9 e 


46 


58 


9 


8 


31 


23 


598 


336 


400 


594 


1851 


9 8 


33 


39 


B 


8 


22 


54 


958 


250 


035 


648 


1852 B. 


9 9 




37 


9 


8 


23 


26 


353 


168 


653 


701 


1853 








9 


8 


94 


27 


713 


083 


277 


755 


1854 


9 8 




48 




8 


35 


29 


073 


998 


902 


809 


1855 


9 8 


34 


29 


9 


8 


36 




433 


913 


597 


863 


1B56B. 


9 9 


19 


18 


9 


8 


27 


32 


827 


832 


153 


916 


1857 


9 9 




58 


9 


8 




34 


187 


746 


779 


970 


1858 


9 8 


51) 


39 




8 


29 


35 


547 


661 


404 


094 


185S 


9 8 


36 


19 


9 


8 


30 


37 


9U7 


576 


029 


078 


186011 


9 9 


21 


8 


9 


8 


31 




301 


494 


656 


131 


1861 


9 9 


6 


49 


9 


8 


32 


39 


661 


409 


381 


185 


1863 


9 8 


59 


29 


9 


8 


33 


41 


021 


334 


906 


939 


1863 


9 8 


38 


10 


9 


8 


34 


42 


3m 


339 


530 


992 


1864 S, 


9 9 


22 


58 


9 


8 


35 


44 


775 


157 


157 


346 


1865 


9 3 


8 


39 


9 


3 


36 


45 


135 


079 


783 


400 


1866 


9 8 


54 


20 


9 


8 


37 


47 


495 


935 


408 


453 


1867 


9 8 


40 







8 


38 


49 


855 


902 


033 


507 


1863 B. 




34 


49 


9 


8 


39 


50 


249 




659 


561 




9 9 


10 


30 


9 


8 


40 


53 


609 


734 


905 


615 


1870 


9 S 


56 


10 


9 


8 


41 


53 


969 


649 


910 


668 




9 9 




41 


9 


8 


54 


10 


391 


638 


416 


313 


1871 


9 8 


41 


51 


9 


8 


42 


54 


399 


564 


534 


791 


1872 B 


9 9 


26 




9 


8 


43 


56 


793 


481 


161 


774 


1873 


9 9 


19 


20 


9 


8 


45 


58 


083 


396 


785 




1874 


9 8 


58 


1 


9 


8 


47 





443 


311 


410 


881 


1875 


9 8 


43 


41 


9 


8 


48 


2 


803 


226 


034 


935 


1876 B. 


9 9 


38 


30 


9 


8 


49 


4 


297 


143 


661 


989 


1877 


9 9 


14 


10 


9 


8 


50 


5 


657 


058 


286 


042 


1878 


9 8 


59 


51 


9 


8 


51 


6 


017 


974 


919 


096 


1879 


9 6 


45 


32 


9 


8 


52 


7 


377 




537 


150 


18B0B. 


9 9 


30 


20 


9 


8 


53 


9 


671 


807 


164 


304 


1881 


9 9 


16 


1 


9 


6 


54 


10 


031 


722 


790 


357 




9 9 


1 


41 


9 


8 


55 


13 


391 


637 


415 


311 




9 8 


47 


22 


9 


8 


56 


13 


751 


559 


040 


364 


1884 B. 


;) 9 


32 


10 


9 


8 


57 


15 


145 


460 


666 


418 


1885 


9 9 


17 


51 


9 


8 


58 


16 


505 


385 


993 


471 


1886 


9 9 




39 


9 


8 


59 


17 


865 


300 


918 


525 


1867 


9 8 


49 


13 


9 


8 





19 


935 


216 


544 


579 


1888 B. 


9 9 


34 


1 


9 






20 


619 


133 


169 


632 
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TAISLE 
bun's motions foi 



Months 


Longltu.ie. 


Per. 


I- 


11. 


in. 


H 


'■■■)£"■.::: 



11 29 52 

1 33 18 

ail 34 10 

1 ae a 11 




5 
5 

10 




47 
13 
993 




y97 

78 
7= 



998 





4 








3 as 42 30 

4 28 49 53 

5 38 24 8 

6 28 57 26 


15 
21) 
36 

36 


42 
59 
lift 
129 


asG 

379 
454 
531 


154 
8tl6 
259 
310 
363 


13 
18 
23 
27 
31 


ft^v 




July 






September 


7 aa 30 44 

8 29 4 54 

9 29 38 12 

10 29 la aa 


46 
52 


233 
2W 
31)0 
313 


6119 
684 
769 
837 


416 
468 
531 
573 


40 
45 
49 


November 

December 



TABLE VI. 





Oi 


Is 


■'• 


Ills 


IVa 


V 





10 
30 
30 


9 33 
a 33 
a 33 
2 32 


a 3a 

2 39 
2 31 
2 30 


9 30 
9 99 
9 99 
9 98 


2 37 

a afi 
a 25 


a 35 

2 as 

2 24 
9 24 


9 94 
2 23 
9 23 
9 23 


30 
30 
10 





xu 


Xb 


IXs 


villa 


VI !b 


Via 











's Mean Anomaly. 








On 


Is 


lis 


Ills 


IVb 


V. 





10 

90 
30 


16 la 

16 18 
16 17 
16 15 


16 15 

16 13 
)6 9 


16 9 
16 7 

lit 


16 1 

15 58 
15 56 
15 53 


15 53 
15 51 
15 49 

15 48 


15 48 
15 46 
15 46 
15 45 


20 

10 






XI. 


Xs 


1X> 


VI|[. 1 VTI. 


Vh 
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TABLE VIl 
BON'a MOTIONS FOB. DATS II 



Day«. 


Logituda. 


Per. 


I. 


II. 



III. 



N. 





Hours. 


Lang. 


I. 













^ 


3 28 


1 




59 8 





34 


3 


2 







9 


4 56 


3 




1 58 17 







5 









3 


7 23 


4 




U 57 25 
3 56 33 





101 
135 


8 
10 


5 



1 




5 


9 51 

la 19 


11 




4 55 42 

5 54 50 




169 
303 


13 

15 


9 
10 






6 

7 


14 47 
17 15 


8 
10 I 




G 53 58 




336 


18 


13 






8 


19 43 


U ' 




7 53 7 




370 


30 


14 








99 11 


'^ 1 




8 52 15 




304 


33 


15 






10 


24 38 


14 ! 




9 51 23 


3 


338 


95 


17 


1 




11 


27 6 


16 1 




10 50 33 


3 


311 


28 


19 


a 




la 


29 34 


17 : 




11 49 40 


a 


405 


30 


ai 


3 




13 


32 2 


18 




la 48 48 


2 


439 


33 


93 


3 




14 


34 30 


20 




13 47 57 


9 


473 


35 


34 


9 




15 


36 58 


21 




H 47 5 


3 


506 


38 


26 


9 




16 


39 26 


23 




15 46 13 


3 


54(1 


40 


27 


9 




17 


41 53 


24 




16 45 92 


3 


574 


43 


29 


3 




18 


44 21 


25 


19 


n 44 30 


3 


603 


45 


31 


3 




19 


46 49 


27 


SO 


18 43 38 


3 


641 


48 


33 


3 




30 


49 17 


38 


31 


19 4a 47 


3 


675 


50 


34 


3 




91 


51 45 


30 


33 


aO 41 53 


4 


709 


53 


36 


3 




29 


54 13 


31 


23 


ai 41 3 


4 


743 


55 




3 




93 


56 40 


33 


94 


aa 40 la 


4 


777 


58 




3 




94 


59 8 


34 


35 


23 39 ao 


4 


810 


GO 


41 


4 










36 


34 38 28 


4 


844 


63 


43 


4 










97 


as 37 37 


4 


878 


65 


45 


4 












26 36 45 


5 


912 




4G 


4 










29 


27 35 53 


5 


945 


70 


48 


4 










30 


38 35 3 


5 


979 




50 


4 










n 


39 34 10 


5 


13 


75 


51 


4 













sun's UOnOMS VOR MINUTES. 



Min. 


Loiigituile. 


Min. 


Longitude. 








1 16 


5 






1 36 


10 


25 


40 


1 39 


15 


37 


45 


1 51 


90 


49 


50 


S 3 


35 


1 3 


55 




30 


I 14 


60 


3 38 
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TABLE VIII. 



KftUATIOKS OP THE sun's OEMIKB. 
A«QU«ENT.— Sun's Mean Anomaly. 





Oh 


le 


Hs 


Ills 


IVi 


7^' ' 


o 


o 




" 


o 




„ 


' 


„ 


O ' 


„ 


' 






, ., 1 





1 


59 


30 


2 


58 


15 


3 40 


27 


3 54 


50 


3 38 


21 


a 


56 9 


1 


2 




33 


3 







3 41 


25 


3 54 


47 


3 37 


18 


2 


54 20 


s 




3 


37 


3 




44 


3 42 


21 


3 54 


41 


3 36 


14 


3 


52 40 


3 




5 


40 


3 


3 


27 


3 43 


15 


3 54 


33 


3 35 


8 


9 


50 U 


4 




7 


43 


3 


5 




3 44 


8 


3 54 


23 


3 34 




3 


49 8 


5 


3 


9 


46 


3 


6 


49 


3 44 


58 


3 54 


II 




51 


2 


47 90 


6 


3 


11 


49 


3 


8 


28 


3 45 


47 


3 53 


57 


3 31 


4] 


2 


45 32 


7 


a 


13 


51 


3 


10 


6 


3 46 


33 


3 53 


41 


3 30 


38 


2 


43 43 


8 


2 


15 


54 


3 


11 


43 


3 47 


17 


3 53 


23 


3 29 


14 


2 


41 53 


9 


2 


17 


56 




13 


18 


3 48 





3 53 


3 


3 27 


58 


2 


40 3 


JO 


2 


19 


57 


3 


14 


51 


3 48 


40 


3 52 


40 


3 26 


41 


2 


38 11 


II 


2 


21 


5B 


3 


le 


24 


3 49 


18 


3 52 


16 


3 25 


22 


2 


36 19 


IS 


2 


S3 


59 


3 


17 


54 


3 49 


55 


3 51 


50 


3 24 


3 


2 


34 27 


13 


2 


25 


59 


2 


19 


24 


3 50 


29 


3 51 


31 




40 


2 


32 34 


14 


3 


37 


39 


3 


20 


51 


3 51 


1 


3 50 


61 


3 21 


17 


2 


30 40 


15 


2 


29 


58 


3 


22 


18 


3 5) 


31 


3 50 


18 


3 19 


52 


2 


28 46 


IS 


2 


31 


57 


3 


23 


42 


3 51 


59 


3 49 


44 


3 18 


26 


2 


26 52 


17 


2 


33 


55 


3 


25 


5 


3 52 


25 


3 49 




3 16 


58 


2 


24 56 


IB 


a 


35 


52 


3 


S« 


26 


3 52 


49 


3 48 


29 


3 15 


30 


2 




19 


2 


37 


49 


3 


27 


46 


3 53 


10 


3 47 


49 


3 14 





2 


21 4 


10 


2 


39 


45 


3 


29 


4 


3 53 


30 


3 47 


7 


3 12 


28 


2 


19 8 


21 


2 


41 


40 


3 


.10 


24 


3 53 


47 


3 4B 


22 


3 10 


55 


2 


17 11 


2a 


2 


43 


34 


3 


31 


35 


3 54 


3 


3 45 


36 


3 9 


29 


2 


15 14 


23 


2 


45 


28 


3 


32 


48 


3 54 


lii 


3 44 


48 


3 7 


46 


2 


13 16 


U 


2 


47 


30 


3 


33 




3 54 


27 


3 43 


58 


3 6 


10 


2 


11 19 


25 


2 


49 


12 


3 


35 


8 


3 54 


36 


3 43 


7 


3 4 


33 


2 


9 21 


26 


2 


51 


2 


3 


36 


IG 


3 54 


43 


3 43 


13 


3 2 


54 


2 


7 23 


27 


2 


52 


52 


3 


37 


21 


3 54 


48 


3 41 


18 


3 1 




2 


5 25 


29 


2 


54 


41 


3 


38 


25 


3 54 


51 


3 40 


21 


2 59 


33 


2 


3 27 




2 


56 


28 


3 


39 


27 


3 54 


52 


3 39 


33 


a 57 


59 


2 


I 38 


30 


2 


58 


15 


3 


40 


27 


3 54 


50 


3 38 


91 


3 5fi 


9 


1 


59 3» 
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TABLE VIII. 



BQUATIOMS OF TUB SDN S OKNTEE. 
AmdmBNT. — Sun's Mean Anomal;. 





Vis 


VIlB 


Villa 


IXs 


x» 


XU ' 


Q 


' " 


' " 


O ' " 


O ' " 


O ' n 


O ' " 





1 59 30 


1 2 51 


20 39 


4 10 


18 33 


1 45 


1 


1 57 3a 


1 1 S 


19 38 


4 8 


19 33 


1 2 39 


3 


1 55 33 


59 27 


13 39 


4 9 


20 35 


1 4 19 


3 


1 53 35 


57 46 


17 42 


4 12 


21 39 


1 6 8 


4 


1 51 37 


56 6 


16 47 


4 17 


32 44 


1 7 58 


5 


1 49 39 


54 27 


15 53 


4 34 


23 52 


1 9 48 


Q 


1 47 41 


52 47 


15 2 


4 33 


35 1 


I I) 40 




1 45 44 


51 14 


14 12 


4 44 


26 12 


1 13 32 




1 43 46 


49 38 


13 24 


4 57 


27 as 




9 


1 41 49 


48 5 


12 38 


5 13 


28 40 


1 17 20 


10 


1 39 53 


46 32 


11 53 


5 30 


29 56 


1 19 15 


11 


1 37 5G 


45 


11 11 


5 50 


31 14 


1 31 11 


12 


1 36 


43 30 


10 3] 


6 11 


32 34 


I 23 8 


13 


1 34 4 


42 1 


9 53 


6 35 


33 55 


1 25 5 


14 


1 33 9 


40 34 


9 16 


7 1 


35 18 


1 27 3 


15 


1 30 14 


39 8 


8 42 


7 29 


36 42 


1 39 2 


16 


1 23 ao 


37 43 


8 9 


7 59 


38 9 


1 31 1 


17 


1 ae 26 


36 20 


7 39 


8 31 


39 36 


1 33 1 


18 


1 24 33 


34 53 


7 10 


9 5 


41 9 


1 35 1 


19 


1 22 41 


33 38 


6 44 


9 42 


42 36 


1 37 1 


31} 


1 20 49 


32 19 


6 20 


10 20 


44 9 


1 39 3 


91 


1 18 57 


31 a 


5 57 


11 


45 49 


1 41 i 


22 


I 17 7 


29 46 


5 37 


11 43 


47 17 


1 43 6 


33 


1 15 17 


28 32 


5 19 


12 27 


48 54 


1 45 9 


Si 


1 13 28 


27 19 


5 3 


13 13 


50 33 


1 47 11 


35 


1 11 40 


1) 26 9 


4 49 


14 2 


53 11 


1 49 14 


SE 


1 9 5a 


24 59 


4 37 


14 52 


53 51 


1 51 17 


27 


1 8 6 


23 52 


4 27 


15 45 


55 33 


I 53 90 


38 


I 6 30 


23 4G 


4 19 


16 39 


57 16 


1 55 23 


99 


1 4 35 


21 41 


Q 4 13 


17 35 


59 


1 57 27 


30 


1 2 51 


30 39 


4 10 


IS 33 


1 45 


1 59 30 
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TABLE IX. 
BUALL EQUATIONS OP THE SUN's LOMOIinDB 



A,g. 


I 1 II. 


III. 


Atg. 


'■ 


11. 


III 





10 I'i) 


10 


500 


10 


10 


10 


10 


10 




9 


510 


10 


10 




20 


11 




9 


520 


9 






30 


11 




8 


530 


9 


10 




40 


11 




8 


540 


9 


10 




50 


IS 




7 


550 


8 


10 




GO 


13 




7 


560 


8 


9 




70 


12 




7 


570 


8 


9 




811 


13 




7 


sno 


7 


9 




90 


13 




7 


590 


7 


9 




100 


13 




7 


600 


7 


9 




110 


14 




7 


610 


6 


8 




120 


14 




7 


630 


6 


8 




130 


14 




S 


630 


6 


8 




140 


15 




8 


640 


5 


7 




150 


15 




9 


650 


5 


7 




160 


15 




9 


660 


5 


6 




170 


15 




10 


670 


5 


6 




180. 


15 




10 


Gao 


5 


6 




190 


16 1 18 


11 


690 


4 


5 




200 




11 


700 


4 


5 




210 


16 1 18 


13 


710 


4 


4 




220 


16 18 


12 


7-30 


4 


4 




230 


16 18 


13 


730 


4 


4 




240 


16 17 


14 


740 


4 


3 




250 


16 17 


14 


750 


4 


3 




3G0 


16 n 


15 


7G0 


4 


3 




270 


16 16 


16 


770 


4 




7 


2B0 


16 16 


17 


7»0 


4 


2 


8 


290 


16 16 


17 


790 


4 


2 


8 


300 


16 [ 15 


\S 


800 


4 


2 


9 


310 


16 15 


18 


810 


4 


2 


9 


3ao 


15 


14 


19 




5 


2 


10 


330 


15 


14 


19 


830 


5 


2 


10 


340 


15 


14 


ao 


840 


5 


2 


11 


350 


15 


13 


ao 


850 


5 


2 


il 


360 


15 


13 


ao 


860 


5 


2 


12 


370 


14 


12 


19 


870 


6 


2 


12 


380 


14 


IS 


19 


eeo 


6 




13 




14 1 12 


19 


890 


6 






40(} 


13 




18 


900 


7 






410 






17 


910 


7 




13 


420 


13 




17 


920 


7 




13 


430 


12 




16 


930 


8 




13 


440 


12 




15 


940 


8 




13 


450 


12 


10 


14 


950 


8 




13 


460 




10 


13 


960 


9 




12 


470 


11 


10 


13 


970 


9 




12 


4B0 


i: 


10 


13 


980 


9 






490 


10 


10 


11 


990 


10 






500 


10 


10 


10 


1000 


10 


1« 


10 
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TABLE S 
NUTATIONS. 





A ROUMEMT.— S upplenie 


nt of the Node, or N. 




N. 


Long. 


R. Aac. 


ObUq. 


». 


Long. 


RA«c. 


Obliq. 





+ ; 


+ ; 


+;s 


5T0 


2 


— 

a 


— 10 
9 








9 














6 


9 














8 


8 










100 


+ !; 


+ 1? 


+ ^ 


eao 


~I2 


11 


7 


140 


14 


13 


6 

5 


660 




14 


5 




ii; 


15 


4 










300 


^18 


+ !S 


+ i 


790 


~ 18 


!6 


2 




IS 


16 


1 


















760 














2 










300 
320 


+\l 


+ '4 


_ 3 




~ 16 


15 






15 




5 














13 




860 














7 










40O 


+ 'i 


+ 'S 


B 


I 920 


~^9 


8 


+ i 


440 


7 


6 
































3 j 10 










500 


+ " 


+ 1 — 10 








+ 10 



TABLE XI. 
Eartu's Radiits Vbotor. — Argdhent. Sun's 



— 


Oj 


h 


H. 


iii» 


IV. 


v> 










0.99173 1 


00018 


1.O085O 


1.01450 


30'^ 






0,98576 


0.99295 1 


)0077 












0.98608 


0.99278 I 


10135 


1.00947 


1.01503 
















1.01527 










0.99366 1 




1.01040 


1.01549 










0.99441 ] 


30308 












0.98756 




)0366 












0.98797 


0.995S4 1 


10422 










0.98380 


0.98841) 


0.99611 ] 


30478 


1.01210 


1.01619 






0.98397 


0.98883 


0.99668 1 


30534 


1.01949 








0.9841 T 




0.99726 1 


D0588 










0.9B4.19 


0.98975 


0.99784 ] 


30642 














0.99843 1 


30695 








OR 








I»74e 














0.99960 1 


00799 








3U 


0.98545 


0.99173 


1.00018 1 


00850 










XI. 


X. 


IX! 


VIII. 


VIl! 


VI, 





„Googlc 



TABLE XI. 

HEtK NEW MOONS AMD ASQUUBNTS IK JANDAR7. 





M«« N.w 














Janiia,).. 


1. 


II. 


III. 


IT. 


N. 


A. D. 














1B36 B 


17 10 32 


0469 


1246 


17 


08 




1837 


5 19 20 


0171 


9S52 


00 


97 


692 


1838 


S4 16 53 


0681 


9175 


99 


85 


799 


1839 


14 1 49 1 0383 


7780 


83 


74 




1840 B. 


3 10 30 ! 0085 


6386 


65 


63 


844 


1841 


31 8 3 


0595 


5709 


63 


51 


951 


1843 


10 le 51 


0297 


4314 


46 


40 


974 


1843 


29 14 24 


0807 


3637 


44 




081 


1844 B. 


18 23 13 


0509 


3243 


28 


17 


104 


1845 


7 8 1 


0911 


0848 




06 


126 


1846 


26 5 34 


072! 


0171 


09 


94 


934 


1847 


15 14 22 


0493 


8777 


92 


84 


956 


1848 B. 


4 23 11 


0195 


7389 


75 


73 


278 


1849 


23 20 43 


0635 


6705 


73 


61 




1850 


12 5 32 


0337 


5311 


56 


50 


408 


1851 


1 14 31 


0038 


3916 


40 


39 


431 


1852 B. 


30 11 53 


0549 


3239 


38 


37 


538 


1853 


8 SO 42 


0251 


1845 


21 




560 


1854 


27 18 U 


0761 


1168 


19 


04 


668 


1855 


17 3 3 


0463 


9773 


02 


93 


690 


1856 B 


B 11 ai 


0164 


8379 


85 


B3 


713 


1857 


24 9 24 


0675 


7703 


84 


70 


830 


1858 


13 ]8 13 


0376 


C307 


67 


59 


843 


1859 


3 3 1 


0078 


4913 


50 


48 


865 


1860 B. 


22 34 


0588 


433G 


48 


36 


972 


1861 


10 9 32 


0290 


9340 


31 


35 


995 


1962 


39 6 55 


0800 


9163 


30 


14 


102 


1863 


18 15 44 


0504 


0769 


13 


03 


125 


IS64 B. 


8 32 


0204 


9374 


96 


93 


147 


1865 


25 33 5 


0714 




94 




356 


1366 


15 G 53 


0416 


7303 


-7 


69 


277 


1867 


4 15 42 


0118 


5309 


6fl 


58 


399 


1868 B. 


93 13 14 


0638 


5331 


59 


46 


4fl7 


1809 


11 23 3 


0330 


1637 


49 


35 


499 


1870 


1 6 51 


0033 


2443 


35 


24 


451 


1871 


30 4 24 


0549 


1765 


93 


13 


559 


1872 B. 


8 13 13 


0944 


(im 


05 


01 


5'11 


1873 


37 10 46 


0754 


9644 


03 


89 


6T 


1874 


17 19 35 


0456 


S30O 


8S 


78 




1875 


7 4 94 


0153 


6906 


69 


67 


733 


1876 B. 


26 1 57 


0S68 


6229 


67 


55 


841 


1877 


14 10 49 


0370 


4R)5 


50 


44 


8f3 


1878 


3 18 38 


0073 


3441 


33 


33 


H'-5 


1879 


22 6 11 


0589 


9764 


11 


9i 


993 


1880 B. 


1! 15 


0284 


I no 


14 


10 


015 
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MEAN LUNATIONS AND CDANQES OF TBE AKQUMENiJa. 





















Nura. 


L....,„ 


I. 


II. 


III. 


IV. 


N. 


¥ 


d. 






404 


5359 


58 


50 


43 










717 


15 




170 










1617 


















2151 








4 


UB 


3 


56 


3334 


2869 


















35^6 


76 


95 


425 














































6468 


5737 


gy 






•3 


365 


18 


36 


7976 


6454 


37 






10 

11 

19 
13 


395 
383 


7 
20 

8 
91 


5 

49 


8005 
S893 
970a 
511) 


7171 

8606 
0323 


53 

68 
83 
93 


91 
90 

89 
SB 


852 
937 
22 
108 



TABLK XIII. 

itMBER OV DAYS FROM THE 
COaUEN CEMENT OF THE YEAR 
TO THE FIRST 0? EACH MONTH. 



Months. 


Com. 


Bi,. 1 




Day,, 


Dsya. 


January... 


•> 





February. . 


31 


31 


March.... 


59 


60 


April 


90 


91 


May 


120 


131 


June 


151 


152 


Juir 


181 


183 




212 


213 


Septetnbel . 


243 


244 


Oplober... 


273 


274 




304 


305 


Uecomber . 


334 


335 





® i ® 


c 


Aig. 




H.Par. S.D. 




4R 


10000 




m 


99 10 


99 


^'fi 






26 16 


yi; 


36 


44 










'M> 


36 


19 








16 


■■» 














17 


3.S 


4H 






-sq 


94 16 


11 


3.'> 








w 


56 16 


3 


34 


.■i7 




1750 




30 15 


;.fi 


34 


34 




3000 


w 


7 15 


1)11 


33 


58 




2250 


-^7 


37 15 


4'f. 


33 


32 




9500 


-^7 


1 15 


31 


32 


42 




2750 


■i6 


33 115 


23 


■A'2 






3000 


ftfi 


2 IS 


16 


31 














31 


13 










7 


3(1 


58 




3750 


55 


13 115 


3 


31) 










16 


111 










=,:! 


V4 










-^(1 


yi 


43 






is' 14 


4b 


yi 






5000 i 54 


13 114 


45 ; 29 
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TABLE XV. 
EQDATIONS FOB NEW ANB 



Arg. 


I. 


11. 


Arg. 


1. 




Arg. 


III. 


IV. 


Arg. 




h m 


h m 




h m 


h m 




~ 


~ 







4 20 


10 iO 


5000 


4 20 


10 10 


25 


3 


31 


25 


ino 


4 16 


9 36 


5100 


4 5 


10 50 


26 


3 


31 


94 


aoo 


4 52 


9 3 


5200 


S 49 


11 W 


2- 


3 


30 


93 


dOO 


5 t 


8 98 


5J0O 


3 34 


12 9 


28 


3 


30 


93 


40U 


5 94 


7 Ta 


54110 


3 19 


12 48 


, 23 






21 


500 


5 40 


- 22 


5500 


3 4 


13 96 


10 




30 


90 


600 


5 55 


6 49 


56011 


2 49 


14 3 






30 


19 


700 


6 10 




5 no 


2 15 


14 39 


39 




90 




eoo 


6 J4 


5 46 


5800 


a 21 


15 13 


3d 




29 




900 


6 3fi 


5 15 


5900 


3 8 


15 46 


34 




29 


16 


1000 


6 51 


4 4b 


60U0 


1 55 


16 1'* 


35 




29 


15 


uoe 


7 4 


4 17 


6100 


1 43 


IS 43 


36 




2y 


14 


1300 


7 15 


3 50 


t.300 


1 31 


17 16 


3- 




2S 


13 


IdOO 


7 27 


i 94 


6300 


1 19 


17 43 


3^ 




2- 


19 


1400 


7 37 




6400 


1 9 


18 6 


39 




27 


11 


1500 


7 47 


9 35 


6500 


59 


18 2H 


40 




96 


10 


1600 


7 St 


2 14 


6600 


W 


IW 48 


41 




96 




1700 


S 3 


1 53 


6700 


42 


19 6 


43 




95 




IBOO 


8 10 


1 35 


6»»00 


34 


19 21 


4t 




35 


7 


1900 


S .6 




69IM1 


2h 


19 33 


44 




94 


6 


1000 


8 21 


1 3 


7O0O 


99 


19 44 


45 


8 


93 


5 


aioo 


8 95 


51 


7100 


r 


19 52 


46 


8 


93 


4 


2300 


8 99 


40 


7900 


14 


19 S- 


4- 




22 


3 


S30O 


S SI 


32 


7 WO 


11 


90 


48 


9 




2 


9400 


fi 33 


25 


7400 


9 


20 1 


49 


10 




1 


2500 


8 32 


21 


75(10 


8 


19 59 


50 


10 






2600 


8 31 


19 


7600 


1 8 


19 55 


51 


10 




99 


37(K) 


8 29 


90 


7-00 


9 


19 48 


53 








2800 


8 26 


23 


7800 


11 


19 40 


53 






97 


2900 


-- 23 


98 


7900 


1-, 


19 S9 


54 


12 




96 


3000 


8 lb 


36 


eooo 




19 17 


55 


12 




9^ 


3100 


8 19 


47 


8100 


24 


19 9 


56 


13 




94 


3900 


8 G 


59 




3(1 


18 45 


57 


13 




93 


3 WO 


7 58 


1 14 


8300 


37 


1^ sr 




13 




92 


3400 


7 50 


1 32 


MOO 


45 


18 6 


59 


14 




91 


S500 


7 41 




850O 


53 


17 45 


60 


14 






3600 


7 31 


2 14 


R600 


1 3 


n 91 


61 


15 






a-Tto 


" 21 


9 1H 


8-00 


1 U 


16 56 




15 




88 


laoo 


7 t 


3 4 


8800 


1 25 


lb JO 


63 


15 




•H7 


3900 


6 Sh 


3 39 


sgoo 


1 36 


16 3 




15 




-6 1 


4000 


6 45 


4 2 


9IIO0 


1 49 


15 34 


65 


16 




bS 1 


4100 


6 3' 


4 34 


9100 


2 a 


15 5 




16 




84 1 


4280 


6 19 


5 7 


9900 


2 16 


14 34 


67 


16 




83 1 


4J00 


6 5 


5 41 


9300 


i 30 


U 3 




16 




89 1 


4400 


5 51 


6 17 


9400 


2 41 


n 31 


69 


17 




81 1 


4500 


3 36 


G 54 


9500 


3 


13 58 


70 


17 




80 


4600 


5 91 


7 42 


9600 


J 16 


13 95 




1" 




79 


47(10 


5 6 


8 11 


9700 


i 39 


11 52 


72 


17 




78 


4600 


4 51 


8 50 


9800 


i 4*1 


1] 18 


73 


17 




'7 , 


4900 


4 ^a 


9 30 


9900 


4 4 


10 44 


74 


17 


9 


76 


aOOO 


4 20 


11 10 


lOOIIO 


4 ao 


10 10 


-5 


17 9 


75 ' 
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W «^tni. = fflft. 



sl 








SS8E8SSSEES,»a,»« = 










U«Wwl^«W«UUt5»aKll---P 1 _. 




7.3 
32.4 
53.6 
16.8 
35.0 
55.5 

9,5 
22.0 
32.8 
44.1 
50.6 
54.2 
54.9 
53.3 
49.4 




.^io = -_»..„...U 


„ 




5;|S^S^SEi5p|^SE|^|!' 






4-7' 15.0 
' 1 50.7 
2 16.4 

2 42.2 

3 lO.O 
3 23.7 

3 56.8 

4 18.3 

4 3ai 

4 57.9 

5 15.7 
5 30.4 
5 42.7 

5 54.1 

6 1.1 
6 8.3 


? 




«K,««4.*.».^t...«.o.«=>^t;3 


- 




lilMI^EEIessiss^ _: 




EssjeisieisslilS^ " 






< 




KSStEKElsSSiesiS' 


" 




1 
















-«>o:*«.a,->-Jo:.»5- = KS«a < 




i^ g L= L= - K io to to b i. ;=_b«^> 




+ 1 1 _ i 




IXs 

1 23.6 
21.1 

35.9 

1 34.3 

4 95.8 

5 90.8 

6 11.9 

7 2.6 

7 50.3 

8 37.5 

9 21.5 
10 3.2 
10 43.1 
U 19.0 






_+. 










»gt5gfg^gp..gi:5feg?;sp 








M 








"r-^f^i§iii^b*^iis° 


' 



>. o 



f 3 



'S =SE 
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table xvi. 
moon's epochs. 



y ™ 






3 


4 


5 


6 


7 


8 


9 


18 6 


0013 


M 5 


"sTT 


6 8 


73 


4 80 


3 9 


0800 


95 




06 


9683 


94 


64 S 


3 45 


06 


429 


3357 


S4 6 


184SB 


e 


54. 


646 


46 


«52 


684 


5358 


6 06 


9 


184 


00 <i 


4 5 




63 


8524 


644 


G4& 


8 63 


6 58 


1850 


III) $ 


958 


9 8 


9 


95 


44 


9 


030 


2 


1851 


OOftS 


916 


3644 


56 5 


46 


43 9 


9 


34 


8 5 


1852 R 


Q 


5 


350 


6 




40 


905 


b 26 


2 4 


i(?53 


8 


4S 3 


3 6 


5469 


8 46 


6206 









iH54 


00 


443 


36 


a 




2003 









1855 




86 


3 4 


4 5 


689 


01 


a 


369 


9 65 


18 6B 


00^4 
00 


6509 
3 


053 
9 


9988 
4 


6496 
8 68 


fe° 


395 

50 8 


6446 
9 


8254 


18 8 


00 


0925 


2385 


94 6 


439 


5 65 


8 


46 


598 


1 59 


0003 


834 


2 


420 




6 


39 




845 


18S0B 


3 


59 2 


3 56 


955 


6 8 






6 b5 


3 34 


186 


00 6 


3200 


2423 


3995 


9 90 


3 9 


3 


92 


59 


1 63 


009 







8 39 


66 


a 6 


03 


6 9 


46 


1S6J 


3 


6 


54 


3483 


4 3 


492 


43 


4 


024 


ieS4B 


ooaa 


54 6 


6 




04 


093 


2 


6 ^ 


9 3 


1065 


00 s 


2684 


2 6 


3 


4 


6 


36 


944 


80 6 


1 66 


000 


9893 


9 


8H 


8.3 


b 


46 8 


899 


6940 


186 


00 1 


1 


45 


5 


4355 


45 


5 38 


435 


58 4 


1868 B 


OB 


4959 




6 


63 


4654 


685 


3 4 


4692 




4 


2 68 


8^9 


5''0 


6 4 




9 


663 


6 


I 





9 6 


4 5 


61 


105 


b 


9 8 


^ 


2490 


187 


0000 


6584 


6 


08 


45 6 


3046 


00 9 


45 6 


S'U 


lU B 


ooa 


443 


6 


039 


St 


2 5 


8 


4 3 





18 3 


3 


640 


5 3 


S3 


9854 


40 2 


02 9 


98 




18 4 


0O06 


8 4 




65 


2 25 


9 09 


00 


233 


9 


1 5 


9 99 


6 56 


0865 


2 


4 96 


5606 


436 


4 4 


6 64 


IS 6B 
lb 






39 4 
1 22 


5 
4 


6 


603 
4 


2 


5480 
6 4 


64 
8 


56 
45 6 


18 8 


00 5 


83 


09 3 


580 


5 


3 69 


6 3 


^ 5 


3 8 


18 9 


9998 


538 


05 9 


0534 


50 6 


6 


866 




2344 


188 B 


00 8 


3396 


285 


5545 


7833 


5 


9 8 


59 




1 8 





0604 


0951 


0289 


0294 


1 32 


0841 


6 


9996 


1 6 


00 4 


78 2 


06 


5 33 


2 65 


6'>9 


94 




8P60 


1833 


9997 


5 WO 


0^3 


9 


53,6 


" 6 


2965 


5 30 


7 24 


1 4B 





8 8 


09 9 


4 9 


8 4 


95 


4084 


8 77 


66 2 


1885 


00 


0086 


0655 


9 


4 


4G92 


5 45 


0634 


54 6 


l*" 6 


(100 


994 


2 


42 6 


5 


04 9 


6 6 


091 


4 40 


IB 


99 6 


4 3 


9987 


90 


54 6 




67 


5 48 


24 


18 a 


G 


236 


069 


415 


8*6 


4 5 


6 


8 95 


3 9 


1889 


09 


9568 


9 


8 5 






944 


52 


9 6 


1890 


ono 


6 6 


5 


3 9 




4 9 


508 


3309 


98 
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TABLE XVI 
uoon's Esocas. 



Yeats. 


10 


^ 


13 


13 


14 


15 


16 


17 


13 


19 


20 


1346 


203 


123 


250 


171 


419 


7G0 


12G 


396 


167 


379 


904 


1847 


810 


484 


970 


644 


613 


901 


486 


749 


643 


433 


371 


1848 B. 


486 


876 


759 


151 


905 


073 




143 


144 


4H7 


539 


1849 


093 


937 


479 




099 


219 


241 


496 


619 


540 


705 


1B50 


700 


597 


199 


097 


293 


352 


600 


848 


094 


594 


371 


1851 


30G 


958 


918 


570 


487 


493 


960 


201 


569 


648 


033 


!85a B. 


983 


350 


707 


077 


780 


664 


355 


595 


070 


701 


306 


1853 


58a 


711 


497 


550 


974 


804 


715 


948 


545 


755 


373 


1854 


195 


C79 


147 


023 




944 


074 


300 


020 


809 


539 


ISSS 


802 


433 


866 


496 


361 


0B5 


434 


653 


495 


863 


705 


185GB. 


479 


824 


656 


003 


654 


256 


829 


047 


996 


916 


373 


1857 


086 


18.^ 


375 


47G 


848 


396 


189 


400 


471 


970 


039 


18»8 


699 


546 


095 


949 


049 


537 


548 


752 


947 


034 


306 


1859 


299 


907 


8U 


499 


23G 


677 


908 


105 


923 


078 


372 


IBGOB. 


975 


298 


604 


999 


529 


848 


303 499 


131 


540 


1361 


5S1 


659 


323 


402 


723 


983 


662] 852 


398 


185 


706 


1862 


187 


020 


042 


875 


916 


199 


021 


204 


873 




873 


1S63 


794 


381 


761 


348 


110 


969 


381 


557 


348 


292 




1864 B. 


470 


773 


551 


855 


4113 


440 


777 


951 


849 


346 


307 


1865 


077 


134 


971 


323 


597 


580 


13G 


304 


324 


400 


373 


18G6 


634 


494 


990 


eoi 


791 


721 


495 


657 


799 


453 


540 


1867 


290 


855 


710 


274 


985 


861 


855 


0D9 


374 


507 


707 


1868 B. 


967 


947 


500 781 


977 


039 


951 


404 


775 


561 


874 


1869 


573 


60« 


919 ! 954 


471 


179 


610 


75G 


2,^.1 


615 


040 


1870 


ISO 


96t 


938 


737 


665 


313 


969 


109 


736 


6G8 


307 


1371 


737 


323 


G59 


200 


859 


554 


328 


559 


201 


721 


374 


1379 B. 


464 


790 549 


707 


151 


725 


794 


957 


702 


785 


531 


Ifi73 


071 


030 


269 


IBfl 


345 


96G 


083 


410 


177 


838 




1874 


678 


440 


989 


6.W 


539 


905 


442 


863 


643 




8GS 


1B75 


285 


800 


709 


126 


73:1 


446 


80] 


316 


117 


944 


032 


1876 B. 


969 


199 


599 


633 


f25 


617 


197 


71] 


618 


008 


199 


1877 


5B9 


559 


319 


106 


919 


358 


556 


164 


093 


061 


366 


1878 


I7G 


912 1 039 


579 


413 


099 


915 


617 


563 


114 


533 


1879 


7B3 


272 : 759 


059 


fi07 


340 


274 


070 


043 


167 


700 


188(1 B. 


460 


664 


649 


559 


899 


511 


670 


465 


544 


231 


867 


IHSl 


0G7 


024 


369 


033 


093 


752 


029 


913 


019 


934 


034 


1883 


674 


384 


0B9 


505 


237 


993 




371 


494 


337 


901 1 


1883 


281 


744 


809 


978 


481 


234 


747 


834 


969 


390 


368' 


1884 8. 


958 


I3G 




485 


773 


405 


143 


219 


470 


454 


535 


1885 


5G5 


49G 


419 


958 


9G7 


646 


502 


672 


945 


507 


702 


18S6 


173 


856 


139 


43t 


16! 


887 


S6i 


195 


420 


560 


869 


1837 


779 


216 




904 


355 






578 


895 


613 


036 


1833 B, 


456 


608 


749 


411 


647 


999 


716 


973 


396 


677 


203 




063 


968 


469 


8S4 


R41 


540 


075 


426 


871 


730 


370 


1S90 


670 


398 


189 , 357 


035 1 781 


434 


379 


346 


783 


537 
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TABLE 

3 MOTIONS 



XVll. 
FOR MONTHS. 



Months. 


I 


Q 


3 


4 


5 


6 


7 


8 


9 


. „ ■) Com. 
■^''°- Bis. 


0000 


0000 


0000 


noon 


nnnn 


nnno 


oono 


0000 


nooo 


9973 


9350 


8960 


9713 


9664 


9628 




9610 


9976 


p , ' Com. 








8916 


4U2 


1533 




2099 


753 






1205 


8G09 




1161 


1731 


1709 




Marci 


1615 


8343 


1371 


6931 




1951 








g:::::: 


S464 


8490 


3616 


5827 


199 


3484 


5193 


5126 


2186 


3385 


7966 


4ea2 


4436 


965 


4646 


f;»24 


6H3ft 


2914 


4134 


8133 


7067 














July 

A«g«at.... 


4955 


7629 


8273 


1942 


7:i2 


7341 


444 


643 


4396 


5804 


7776 


51B 


838 


1134 


8674 


9933 


2742 


5148 


September . 






9764 


9734 


1536 


408 


4021 


4842 


5901 








^343 


1602 


1569 


5752 












6915 


7239 


9004 


3109 


7541 








9144 


7062 


7420 












_8m 



TABLE XVIII. 

moon's 1^ 



Days. 


1 


2 


3 


4 


5 


e 


7 


8 


9 


1 


0000 


oooo 


0000 


0000 


nnoo 


oooo 


0000 


0000 


0000 


9 


27 


65(1 


IIMO 


287 


336 


372 


58 


390 


S4 


3 


55 


1300 


9080 


574 


671 


744 


115 


781 


49 


4 




1950 


3121 


861 


1007 


1116 


173 


1171 


73 


S 


109 


26no 


4161 


1148 


1349 


1488 


231 


1561 


97 


6 


137 


3949 


5901 


1435 


1678 


1860 


289 


1952 


121 




164 


3899 


6211 


1722 


2013 


2932 


346 


9342 


146 


8 


193 


4549 


7281 


2009 


2349 


9604 


404 


2732 


170 


9 


219 


5199 


8391 


9296 


2684 


2976 




3122 


194 


10 


246 


5849 


9362 


9583 


3020 


3348 


519 


3513 


219 


11 


274 


6499 


402 


9870 


3355 


3720 


577 


3903 


943 


IZ 


301 


7149 


1442 


3157 


3691 


4093 


635 


4993 


267 


13 




7799 


2482 


3444 


4026 


4465 


692 


4684 


991 


14 


356 


8449 


3522 


3731 


4369 


4837 


750 


5074 


316 


15 


383 


9tl98 


4563 


4018 


4698 


5209 


808 


5464 


340 


16 


411 


9748 


5603 


4305 


5033 


55B1 


866 


5854 


364 


17 


438 


396 


6643 


4592 


5369 


5953 


993 


6245 


389 


13 


465 


1048 


7683 


4878 


5704 


6325 


981 


6635 


413 


19 


493 


J 698 


8793 


5165 


6040 


6697 




7025 


437 


20 


520 


9348 


9763 


5452 


6375 


7069 


1096 


7416 


461 


21 


548 




804 


5739 


6711 


7441 


1154 


7806 


486 


92 


575 


3648 


1844 


6096 


7046 


7813 


1912 


8196 


510 


23 




4998 


9884 


6313 


7389 


8185 




8586 


534 


34 


630 


4947 


3994 


660O 


7717 


8557 


1397 


8977 


559 


25 


657 


5597 


4964 


6887 


8053 


8939 


1365 


9367 


583 


26 


684 


6947 


6005 


7174 




9301 


I4i3 


9757 


607 


27 


712 


6897 


7045 


7461 


6724 


9673 


1500 


148 


631 


28 


739 


7547 


8085 


7748 


9060 


45 


1558 


538 


656 


29 


767 


8197 


9125 


8035 


9395 


417 


1616 


998 


080 


30 


794 


8847 


165 


8392 


9731 


789 


1673 


1319 


704 


31 


891 


9497 


1205 


8609 


66 


1161 


1731 


1709 


729 
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TABLE XVII. 
moon's M0T1OH9 FOB llONTHS. 



Moolhs. 


10 


n 


IS 


13 


14 


15 


16 


17 


13 


19 


SD 






iMin 






nim 


(mn 


nnn 


oon 


nnn 


OflO 


nnn 


000 




■''"'■ Hfc). 


fin 




13(1 


iii'; 


'till 


9fift 


HK3 


95M 


9;4 






















rx'- 


304 










^^ Bb 


m'i 






95 


H75 


Hii; 


HM 


aby 










Mac 


U9 


836 


157 


lli 


f5I 


BOl 


1S9 












Apnl 












747 


394 


7fi6 


33» 


13 


41 












m^ 


KH;i 


39'^ 




















MTl 


fillH 


ii-AI 












Juy 
Auiful 








IR-; 


t4H 


hWh 














673 




938 


^45 


!W 


4; I 


759 


MJ7 




31 






Sep e nber 
Joober 


/Ifl 






3(14 


fir; 


417 


H94 


aai 


311!; 


16 


111 










■m 


71 


333 


my 


483 












1*^7 




1VI 


HMM 


Uh 


37H 


1-J7 


IHI 








D8ce„.ber.. 


4ja 


396 


535 


414 


120 


194 


'Jiii 













TABLE XVIII. 

moon's motions roR days. 



Days. 


10 


U 


19 


13 


14 


15 


16 


17 


18 


19 


31) 


J 


000 


'm 


000 


000 


000 


000 


000 


000 


000 


"ooo" 


"ooo 


3 


70 


31 


70 


34 


99 


31 


37 


49 


36 








3 


140 




141 


68 


198 


61 


73 


84 


52 





1 


4 


910 


93 


211 


103 


997 


92 


110 


196 


78 





1 


5 


361 


125 


389 


137 


397 


122 


146 


168 


104 




3 


G 


351 


156 


352 




496 


153 


183 


210 


130 




2 


7 


491 


187 


423 


905 


595 


183 


220 


252 


156 




3 


8 


491 


218 


493 


939 


694 


914 


256 


294 


182 




3 




561 


949 


564 


973 


793 


944 


293 


336 


308 




4 


10 


&31 


980 


634 


308 


892 


975 


329 


379 


334 




4 


11 


702 


311 


705 


349 


993 


305 


366 


491 


260 




5 


19 


772 


342 


775 


376 


91 


336 


403 


463 




2 


5 


13 


842 


374 


845 


410 


190 


366 


439 


505 


319 


2 


S 


14 


912 


405 


916 


444 


as9 


397 


476 


547 


337 


2 


6 


lb 


982 


436 


986 


478 




427 


519 


589 


368 


2 


6 


16 


59 


467 


57 


513 


487 


458 


549 


631 




9 


7 


17 


122 


498 


127 


54T 


587 


488 


586 


673 


415 


2 


7 


16 


193 


539 


198 


581 




519 




715 


441 


2 


8 


19 


263 


560 


968 


615 


785 


549 


659 


757 


467 


3 


8 


an 


333 


591 


339 


649 


884 


580 


695 




493 


3 


9 


31 


403 


623 


409 


683 


983 


6)1 


729 


841 


517 




9 


23 


473 


654 


480 


718 


89 


641 






545 


3 


»2 


23 


543 


685 


550 


752 




679 


805 


935 


571 




10 


34 


614 


716 


621 


786 


281 


702 


849 


967 


597 


3 


11 


25 


6S4 


747 


691 




389 


733 


878 


9 






11 


S6 


754 


778 


762 


854 


479 


763 


915 


S2 


649 




11 


37 


S24 


809 


B32 




57S 


794 


953 


94 


675 




IS 


29 


894 


840 


903 


923 


677 


824 


988 


13S 


701 




13 


29 


964 


872 


973 


957 


777 


855 


25 


178 


737 




13 


30 


34 


903 


43 


991 


876 


885 


61 


220 


753 




13 


3LJ 


105 


934 


114 


35 


975 


916 


98 


262 


779 


, ^ 


_Ji-J 
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table xix. 
moon's motions fob bocks. 



Honiikl 1 


3 


3 


4 


5 


6 


7 


8 


» 


1 


1 


27 


43 


la 


14 


16 


2 


IS 




3 


3 


54 


87 


24 


!K 


31 


5 


33 




3 


3 


81 


130 


36 


43 


47 




49 




i 


5 


108 


173 


43 


56 




10 


65 




5 


6 


135 


217 


60 


70 


78 


12 


81 




6 


7 


lea 


260 


72 


84 


93 


14 


98 




7 




190 


303 


84 


98 


109 


17 


114 




8 


9 


217 


347 


96 


112 


124 


19 


130 




9 


10 


244 


390 


108 


126 


140 


22 


146 




10 


II 


271 


433 


120 


140 


155 


24 


163 




11 


12 


29B 


477 


131 


154 


171 


36 


179 




12 


14 


325 


520 


143 


16S 


186 


29 


195 




13 


IS 


352 


SG3 


155 


182 


202 


31 


2U 




14 


16 


379 


607 


167 


196 


917 


M 


228 




15 


17 


4oe 


650 


179 


210 


233 


36 


244 




16 


18 


433 


693 


191 


224 


248 


38 


260 




17 


19 


460 


737 


203 


238 


264 


41 


276 




18 


20 


487 


780 


215 


252 


379 


43 


293 




19 




515 


823 


227 


266 


395 


46 






20 


33 


542 


867 


239 


260 


310 


48 


325 


20 


Bl 


fii 


569 


910 


251 


29* 


326 


50 


341 


21 


22 


25 


536 


953 


363 


308 


341 


53 




22 


23 


26 


623 


997 


275 


332 


357 


55 


374 


SB 


34 


27 


650 


1040 


287 


336 


373 


58 


390 


34 



TABLE XIX. 
moon's motiohs toe mincibs. 



Hin. 


1 


3 


3 


4 


* 


6 


7 


6 


9 


10 


11 


13 


13 


i« 


I 








I 





n 




















n 


























II 





II 











h 




V 


V 


























11 


3 


3 





















1 '•!" 





9 


14 


4 


5 


5 




5 




I 











iiii 


II 


11 


1M 


5 


6 


6 




7 




1 












1 


14 


V'^ 


6 


7 






H 




1 










3b 




16 


25 


7 


8 






10 




V 




9 








1 


H 






9 


10 




II 




« 




« 








1 




39 




10 






















1 






III 


II 






















1 


25 


40 


11 


1-1 


























12 


14 


15 


" 


16 


' 


3 


1 


3 


-L_ 


4 
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BBUOOENTBIC LOKOITUDBS, KTC. OE THE PLANET T£NUS, AT THE TIMES 01 

TKE NEXT TWO TEANSITS OTEB THE SUN'b DI:5C. 

The subject matter of this table la connected with Chapter IX, page 119. 



TiniBB. 


Hel. Long, from 
true Equinox. 


He[. LaL 


Bad. Vm. 


1874, Dec. 8th, »t 12h. 
16h. 
30b. 

1882, Deo. 6th, at noon. 

8h! 


760 41- 36.6- 

76 57 44.1 

77 13 51,5 

74 19 55.7 
74 29 2.5 
74 45 9.7 


4' 6.3" N. 

5 3.5 

6 1.0 

i 58.1 S. 
4 0.8 
3 3.5 


0.7203G32 
0.7203449 
0.720a368 

0.7205509 
0.7205,315 
0.7205127 



DIP OF THE HOBIZON. 

.''or ll'.e principle of computing the dip of the horizon 



Hi,h. 






High. 


lUp. 


^t. 




' 


liet. 


1 


y 


1" 


16 


4' 3" 


2 


1 


H« 


17 


4 II 


S 




45 


IH 


4 18 


i 


2 


it 


19 


4 25 




V 


l<i 


20 




6 


« 


W4 




4 39 


7 


y 


41 


22 


4 45 


8 


» 


SH 


23 


4 52 


9 


3 


2 


24 


4 58 


10 


.1 


12 


25 


5 4 






ay 


2fi 


5 10 


19 


3 


31 


28 


5 SS 


13 


3 


;tu 


30 


5 33 






4H 


35 




15 


3 


56 


411 


6 25 



*PN8 HEMIDIAMETER fOK BVBRT TENTH DAY OF THE TEAR 



Day,. 
SI 


Jan. 

16 18 
16 17 

16 17 


July. 

15 46 
15 46 
15 46 


Daya, 

1 
11 
21 


April. 

16 "l 
15 58 
15 55 


Oou 1 

16 i 

16 3 
16 7 


31 


Feb. 
16 15 
16 13 
16 11 


AugDil. 
15 47 
15 49 
15 51 


1 

11 
31 


Mcj. 
15 53 
15 51 
15 49 


Not. 
16 9 
16 13 
16 14 


n 

31 


March. 
16 10 
16 7 
16 4 


15 Is 

15 56 
15 58 


I 

11 

_2> 


June. 
15 48 
15 46 
15 46 


Deo. 
16 16 
16 17 
16 18 
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TABLE XX 
uoon's epochs. 



Yeura. 


Evection. 


All 


m«ly. 


Variation. 


Loiigitud,. _ 




a 




„ 


B " 






a 




„ 


o 




„ 


184G 


3 


45 


6 


96 


91 


2 


1 5 


48 


4 


10 15 


48 




1347 


7 21 


16 




3 25 




23 


5 15 


25 


29 


2 25 




2B 


1848 B. 


1 H3 




5 


7 6 


51 


37 


10 7 




21 


7 17 


45 




1849 


7 13 


38 


35 


10 5 


34 


57 


2 16 


51 


46 


11 27 


8 


14 


ISM 


I 4 


10 


4 


1 4 


le 


18 


G 26 


29 




4 6 


31 


20 


1851 


6 24 


41 


35 


4 3 


1 


38 


11 6 


'6 


36 


3 15 


54 


95 


IB53B. 


26 


32 


5 


7 14 


48 


53 


3 97 


55 






28 


6 


1853 


6 n 


3 


34 


lit 13 


32 


13 




32 


53 


5 17 


51 




1854 


7 


35 


4 


1 19 


15 


b4 


17 


10 


19 


9 27 


14 


37 


1S55 


5 28 


6 


33 


4 10 


58 


54 


4 3G 


47 


43 


2 6 


37 




1856 B. 


11 29 


57 


3 


7 22 


46 


9 


9 18 


36 


36 


6 99 


11 


J, 


1SS7 


5 20 


28 


33 


10 21 


99 


99 




14 




11 8 


34 




185S 


11 11 





9 


1 30 


IS 


50 


6 7 


51 


26 


3 17 


57 


14 


1859 


5 1 


31 


33 


4 la 


66 


10 


10 17 




52 


7 97 


20 


ao 


,860B. 


11 3 


29 


3 


8 


43 


25 


3 9 


n 


44 


19 


54 





1861 


4 S3 


53 


33 


10 99 


26 


45 


7 18 


55 


9 


4 39 


17 


6 


16G9 


ID 14 


95 


3 


1 28 


10 




11 38 


32 


34 


9 8 


40 


12 


1663 


4 4 


56 


33 


4 2li 


53 


27 


4 8 


10 





1 18 


3 


18 


1864 B. 


10 e 


47 


9 


8 8 


40 


41 


8 29 


58 


51 


6 10 


36 


58 


1BG5 


3 27 


18 


39 


11 7 


24 


9 


1 9 


36 


17 


10 90 





4 


1866 


9 17 


50 


2 


2 G 


7 


93 


6 19 


13 


42 


9 29 


93 


10 


1867 


3 8 


21 


39 


5 4 


5(1 


43 


9 28 


51 


8 


7 8 


46 


15 


1868 B. 


9 10 


IS 


9 


g 16 


37 


58 


2 3lt 


40 





1 


19 


56 


18^ 


3 


43 


33 


11 15 


91 


19 


7 


17 


25 


4 10 


43 


2 


18T0 


8 31 


15 


a 


2 14 


4 


40 


11 9 


54 


50 


8 90 


6 




1871 


2 U 


45 


31 


5 19 


47 


1 


3 19 


31 


16 


9J 


28 


13.7 


1872 B. 


8 2 


17 





8 11 


30 


317 


7 99 


8 


41 




51 


1S.4 


1873 


2 4 


7 


31 


11 23 


17 




90 


57 


JG 


in 1 


25 


0.3 


1874 


7 24 


39 





9 22 





57 3 


5 


35 





9 10 


48 


6 


1875 


1 15 


10 


29 


5 90 


44 


18 


9 10 


12 


24 




11 


11.7 


1876 B. 


7 5 


41 


59 


8 19 


37 


3P7 


1 19 


41 


50 


10 29 


34 


17.4 


1877 


1 7 




30 


1 


14 


53 6 




3H 


40 


1 29 




58.3 


1878 


6 28 


3 


59 


9 29 


58 


14 3 


10 91 


16 


5 


8 1 


31 


4 


1879 


18 


35 




5 28 


41 


35 


3 


53 


30 


111 


54 


9.7 


1880 B. 


6 9 


6 


63 


8 97 


24 


55 7 


7 10 


30 


55 


4 90 


17 


15.4 


IH81 


10 


57 


99 


9 


19 


106 


n 2 


19 


47 


9 12 


50 


56.3 


1833 


6 1 


28 


58 


3 7 


55 


313 


4 11 


57 


19 


1 99 


14 


2.0 


1883 


11 22 





27 


6 G 


38 


52 


8 *>! 


34 


37 


6 1 


37 


7.7 


1884 B. 


5 12 


31 


56 


9 5 


92 


19 7 


1 1 


19 


3 


10 11 





13.4 


1885 


11 14 


32 


28 


17 


9 


27 6 


5 21 





54 


3 3 


33 


54.3 


1886 


5 4 


53 


57 


3 15 


59 


481 


10 2 


38 


19 


7 19 


57 


0.0 


1887 


10 25 


95 


96 


6 14 


36 




2 12 


15 


44 


U 23 


20 


5.7 




4 15 


56 


57 


9 13 


19 


99 7 


E 31 


53 




4 1 


43 


11,0 


1889 


10 17 


47 


3S 


25 




44 6 


11 13 


42 


1 


8 24 


in 


519 


1890 


4 8 


18 


57 


3 93 


50 


5 ) 


1 93 


19 


26 


1 3 


39 


57.S 
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TABLE X 
moon's epochs. 



Yeara. 


Supp. of Node. 




V. 


yi. 


VII. 


vm. 


IX. 


X. 


1846 




16 


:5 


^ 


11 


7 


56 


254 


253 


937 


941 


347 


113 


1847 


5 


5 


54 


53 


2 


28 






670 


245 


247 


997 


063 


1648 B 




25 


17 


45 


7 





9 


lie 


laa 


582 


587 


049 


997 


1849 




14 


37 


27 


10 


20 


41 


531 


535 


889 




122 


937 


1850 


7 


3 


57 


9 


a 




13 


944 


947 


196 


200 


309 


376 


1651 


7 


33 


IG 


51 


6 


1 


45 


358 


359 


504 


506 


283 


816 


1353 B 


8 


13 


.■)9 




10 


3 


37 


806 


811 


841 


846 




760 


1853 




1 


59 


36 




33 


59 


320 


223 


148 


152 


477 


700 


1854 


9 


31 


19 


9 


5 


14 


31 


634 


636 


456 


459 


557 


639 


1855 


11) 


10 


38 


51 


9 


5 


3 


047 


048 


763 


765 


637 


579 


1356 B. 


n 





J 


44 


J 


g 


44 


495 


500 


100 


105 


753 


523 


1857 


11 


19 


91 


26 


4 


27 


16 


909 


313 


407 


411 




463 


1858 





8 


41 




8 


17 


48 


313 


325 


715 


718 


912 


402 


1859 




28 





51 












3 


m 


034 




342 


1861) B. 


1 


n 


33 


43 


4 


10 




4 


9 


359 


364 


108 


as6 


1361 
8 a 


3 
3 


6 
S6 


43 
3 


97 
J 


8 





33 
5 


598 



60 
4 


666 
4 


670 

9 7 


187 
6 


296 
65 


86 


3 








3 




3 


4 6 


4 G 


28 


3 


34 


05 


64 B 


4 
4 


4 
i 


45 


44 

46 




3 





87 


8 
9 


68 
9^G 


6 
9 9 


463 
542 


049 
9>«) 


GG 


5 






8 


2 


24 


3^ 




03 


233 


26 


63^ 


938 1 


8G 


6 




4 





6 


4 




5 


5 


544 


543 




6 


a68 B 


6 


3 




4 


10 


6 


36 


56 


56 


8 


8R2 


6 8 




G9 


7 






46 


a 




8 




980 


5 




89 




8 







4 




5 


2 


40 


390 


39 


493 


49 




69 


97 


8 





6 


49 


9 


8 




30 


804 





80 


07 


630 


3 B 






26 


3 




8 


4 




2 6 


08 




7 


569 


8 




8 


49 


4 


5 





5 


G64 




444 


4 


^2 


5 4 


8 4 








6 







5 


ft 





5 


5 


33 


5 


5 






e 









9 


49Q 


49 


054 


064 


4 


39 


9 6 B 


1 



26 


4 


4 


4 

3 


12 


4 


9IH 


<m 

5 


64 



3 


49^ 
6 


3 

26 1 


B-S 


1 


S 


g 


6 



3 


■» 


4 
6 


H 


8 


00 
3 6 



3 6 


68 


5I 
154 


B B 


2 


4 














59 


5 G-4 


6 


34 


093 


1881 


3 


3 


3 
5 


33 

5 


3 


6 


sq 


04 
4 i 


045 
45 


960 
68 



3 8 


96 
04 



9 


=13 


4 




2 


4 


6 






867 


69 


5 6 


586 




916 


S 4 B 


5 




32 







8 


35 




a 


864 


94 


ft 


855 


835 


5 


00 


55 


22 


2 


20 


6 


38 


7 3 


a 


34 


317 


00 


1 8G 


e 





5 


4 


6 





48 


4 


145 1 IBs 


542 


39 


739 


3 


6 


39 


34 


46 







91) 


554 


557 1 836 


850 


4 


678 


83 B 






4 


a 








C 


fl6 4 


58 


5 


67 


1889 
















4 


4 


498 


6 


6- 


89U 


6 




_36 




9 






S-S 


8 3 8 


« 6 


50 
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TABLE XX. 
moon's motions poe months. 



Tan I '^°° 

■"'"■ I Bis. 



Mi 



J Bis 



April 

May 

illy.'.'.'.'.'.'. 

September.. 
October. . . . 
November. . 
December . . 



18 41 

20 48 4a 

9 S9 43 

I 7 40 26 



5 29 42 49 



15 53 

1 5G 59 

20 50 

5 51) 57 

7 47 56 

aa 48 49 

6 24 45 48 

8 9 46 42 

9 34 47 35 
10 ae 44 34 

II 45 ST 

1 13 4a se 



99 53 a4 

1 10 48 . 

1 16 31 32 

a 4 26 20 



TABLE XX. 













moon's 


MOTIONS 


iron BA 


YS. 










il.y.. 


EvectioD. 


Atomaly. 


Variatioa. 




i~T 


Os 


10 


0' 


0" 


Os 0° 


0' 


0" 


Os 


0° 


0' 


0" 


Oa 


Oo 


0' 0" 


9 




11 


18 


59 


13 


3 


54 





12 


u 


97 





13 


10 35 


3 





22 


37 


59 


26 




48 





24 


aa 


53 





96 


91 10 


4 




3 


56 


58 


1 9 




42 




6 


34 


90 




9 


31 45 


5 




15 


15 


58 


1 22 


15 


36 




18 


45 


47 


1 


aa 


42 20 


6 


1 


26 


34 


57 


9 5 


19 


30 


2 





57 


13 


2 


5 


5a 55 


7 


9 




53 


57 


9 18 


23 


94 


3 


13 


8 


40 


2 


19 


3 30 


8 


9 




12 


56 


3 1 


27 


18 


2 


25 


20 




3 


a 


14 5 









31 


55 


3 14 


31 


12 


3 




31 


34 




15 


21 40 


10 




11 


50 


55 


3 27 


35 


6 


3 


19 


43 





3 


98 


35 15 


11 




23 


9 


54 


4 10 


39 





4 


1 


54 


27 






45 50 


19 


4 


4 




54 


4 23 


42 


54 


4 


14 


5 


54 


4 


24 


56 25 


13 


4 


15 


47 


53 


5 6 


46 


48 


4 


26 


17 


90 


5 


8 


7 


14 


4 


27 




53 


5 19 


50 




5 






47 


5 


21 


17 35 


15 


5 


8 


25 


52 


6 2 


54 


36 


5 


20 


40 


14 


6 


4 


98 10 


16 


I 


19 


44 


51 


6 15 


58 


29 


6 


2 


51 


40 


6 


17 


38 45 


n 


6 




3 


51 


6 99 




23 


6 


15 


3 




7 





49 20 


18 


G 


19 


29 


50 


7 12 




17 


6 


27 


14 


34 


7 


13 


59 55 


19 




93 


41 


50 


7 25 


lU 




7 


9 


96 




7 


97 


10 30 


20 


7 


5 





49 


8 8 


14 


5 




21 


37 


97 




10 


21 5 


21 


7 


16 


19 


49 


8 91 


17 




8 


3 


48 


54 




23 


31 40 


sa 


7 


97 


38 


43 


9 4 


91 


53 


8 


16 





21 


9 


6 


42 16 


S3 


g 


8 


57 


47 


9 17 


25 


47 


8 


98 


n 


47 


9 


19 


52 51 


S4 


B 


20 


16 


47 


10 


29 


41 


9 


10 


23 


14 


10 


3 


3 96 


55 


9 


1 


35 


46 


10 13 


33 


35 


9 


22 


34 


41 


10 


16 


14 1 


96 


9 


19 


54 


46 


10 26 


37 


99 


10 


4 


46 


7 


10 


99 


24 36 


27 


9 




13 


45 


11 9 


41 


93 


10 


16 


57 


34 




19 


35 11 


SB 


10 


5 


39 


45 


U 22 


45 


17 


lU 


29 


9 


1 


11 


95 


45 4G 


99 


10 


16 


51 


44 


'> 


49 


11 


u 




93 


28 





8 


56 ia 


30 


10 




lO 


43 


1ft 


53 


5 


11 


S3 


31 


54 





93 


6 56 


iJL 




9 


29 


43 


1 1 


-M. 







5 


43 


91 


1 


5 


17 31 
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TABLE IX. 












*2y 






MTON 


S MOTIONS BOR HOSTHS. 


Months. 


So 


pp. of No 


de. 




V. 


VI. 


VII. 


vni. 


IX. 


X. 


^ 


; 












n 


onn 


n(in 


(inn 


onn 


nnn 


mo 


■'"''■ ] Bis. . 




'><* 


'ifi 


44 




IH 


nl 


























15 


4:t 


M 
























4 


M 


91 


IHft 


K47 


11 


It, 




M.rch 





3 


7 


27 




U7 


5U 


7 


33U 


liiit; 


yey 


114 




April 

j£y 










n 






til 


ftS4 


.14a 


34 


^■5 


47R 
















HI 








Sim 
















FiK 


VM 








411 




Jnly 

A"g"'' 










1 


H 


;('.( 


Ibli 















11 


13 


35 




a4 


jb 


MIU 


a7i 


»«v 


147 |497 


lati 












R 


9 


F.R 


S(;5 


595 


863 


193 708 


201 








'M 


!> 


14 














December . . . 














1=1 


■m 


4 


•SW,', 


251) 894 







n 


41 


13 


4 


4 


4a 


3ba 




4ay 







TABLE XX. 

moon's motions roE d 



Dav 


pp ofNoie 


II 


V 


VI 


VII 


VIII 


IX 


X 


1 


- 





Os 0° 








UOO 


000 


000 


000 


000 


2 
3 


3 
6 


31 


2- 


18 


34 
68 


39 
79 


as 

56 


34 

6 


36 

72 


5 
11 


4 


9 


32 


1 3 


7 


1 2 




65 


101 


108 


16 










7 


HG 


15fl 


113 


115 


143 


"1 


6 


15 


53 


1 25 


46 


170 


197 


141 


169 


I 9 


"7 


8 






a 6 


55 


2 4 


"37 


16J 


2n'> 


"15 


32 






14 


2 1'* 


4 


238 


276 


19a 


236 


"51 


3 






35 


a "9 


13 


2 2 


i C 


lie 


" 


" 7 


43 


10 




d6 


3 lit 


3 


306 


3j3 


254 


3n3 


3 3 


48 






46 




31 


340 


393 


"S" 


33 


35H 


53 


l'> 


i 


5 


4 " 


40 


374 




JU 


371 


94 


50 


13 


S8 




4 13 


oO 


408 


4 4 


3J9 


405 


4 


64 




41 


18 


4 "4 


51 


443 


5H 


36 


4JB 


46G 




15 


44 




o 6 




476 


55) 


395 


4 " 


50" 


74 


lb 


) 47 


39 


5 17 


17 


51) 


59" 


4 4 


5 6 


138 


60 






50 




ae 


544 


632 


453 


539 


5 3 


85 




"ii 




fi 1 


35 


57S 


6 1 


4'*0 


573 


609 


90 


19 


n 57 




6 2) 


44 


61" 


711 


5 8 


60 


B45 


96 


"0 










646 


7aO 


5!7 


641 


6 1 


1 1 


31 




33 


7 13 


3 


6O0 


796 


56 


674 


717 


me 


"3 




43 


7 24 


la 


14 


8"9 


593 


708 


63 


113 


H3 


1 9 


54 


8 5 




748 


8b9 


621 


71* 


78^ 


11 


24 






S 16 


3 


8» 


90'* 


650 


775 




1 2 


35 


1 16 


15 


8 '•7 


39 


P16 


948 


6 8 




fi60 


I'lS 


26 


1 19 


"6 


3 






987 


06 


843 


896 


133 


37 




36 


l"* 


17 




027 


734 


877 


9 2 


i3« 




1 25 


47 


in 1 


6 


9lt 


066 


6" 


910 


968 


143 


S^ 




58 


10 1' 


16 


932 


1 6 


791 


<>44 


003 


149 




1 3" 


S 


10 "i 


"5 


9 6 


145 


819 




9 


154 


SI 


1 )5 




U 4 


34 


03 


lh5 


847 


on 


5 


151 
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TABLE XX. 

'a MOTIONS TOR aOCM. 



HouiB 


Evection. 


Anoma 


J- 


Variation 


LongiludB. 1 




O ' 


„ 


O ' 


„ 


O ' 


„ 


^ 


, ,. 


1 


to 38 


17 


33 


40 


30 


99 





33 56 


2 


56 


35 


1 5 


19 


1 


57 




5 53 


3 


1 24 


52 


1 37 


59 


1 31 


26 




38 49 


4 


1 53 


10 


2 10 


39 


2 1 


54 


2 


il 46 


5 


2 21 


27 


2 43 


19 


2 32 


23 


2 


44 42 


6 


S 49 


45 


3 15 


58 


3 2 


53 


3 


17 39 


7 


3 18 




3 48 


38 


3 33 


20 


3 


50 35 


8 


3 46 


30 


4 21 


18 


4 3 


49 


4 


33 32 


9 


4 14 


37 


4 53 


58 


4 34 


17 


4 


56 3y 


10 


4 42 


55 


5 26 


37 


5 4 


46 


5 


39 25 


11 


5 11 


12 


5 59 


17 


5 35 


15 


G 


2 31 


la 


5 39 


30 


6 ai 


57 


6 5 


43 


6 


35 17 


13 


6 7 


47 


7 i 


37 


6 36 


12 


7 


8 14 


U 


6 36 


5 


- 37 


IG 


7 6 


40 


7 


41 10 


15 


7 4 


23 


8 9 


56 


7 37 


9 


8 


14 7 


le 


7 32 


40 


9 42 


3G 


8 7 


38 


8 


47 3 


17 


8 


57 


B 15 


16 


8 38 


6 


9 


20 


18 


8 as 


15 


9 47 


55 


9 8 


35 


9 


52 56 


19 


8 57 




10 20 


35 




3 


10 


35 53 


20 


9 25 


50 


10 53 


15 


10 9 




10 


58 49 


21 


9 54 


7 


U 35 


55 


10 40 


1 


Ij 


31 46 


22 


10 22 


34 


II 58 


34 


11 10 


39 


13 


4 43 




10 50 


42 


12 31 


14 


11 40 


58 


12 


37 39 


24 


11 13 


59 


13 3 


54 


13 11 


^ 


13 


10 35 



TABLE XXI. 

in's motions for minutbs. 



Min. 


Evec. 


A no 


„.„. 


Variatioas. 


Longitude. 


Sup. 
Node. 


II. 


, 


28 





33 


n 


30 


33 








5 


3 21 


•? 


4S 












10 


4 43 


f. 


y: 


f> 


5 


5 39 






15 


7 4 


» 


10 


7 


37 


8 14 


2 


7 


20 




10 


hS 


III 


III 


10 59 


3 




11 


11 47 


13 


37 


IM 


4V 


13 43 


3 


13 


14 9 


Ifi 


SO 


if. 


14 


16 28 


4 


14 


35 


16 30 


19 


3 


17 


41 


19 13 


5 




40 


18 52 


21 


4f! 


2(1 


19 


21 58 


5 


19 


45 


21 13 


24 


30 


23 


52 


24 42 


fi 


21 


50 


33 34 


'n 


n 






27 37 


7 




55 


S5 56 


W 


.SH 


'« 


PiK 


3D 13 


7 




60 


as 17 


33 


40 


30 


2» 


32 56 


8 


38 
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TABLE XX. 
h's motions tor houks. 



Houn 


Supp. of 


II. 


V. 


VI. 


VII. 


nil. 


IX. 


X. 


J 


g 


28 


, 


S 


1 


1 


, 





2 


16 


56 


3 


3 


3 


3 


3 





3 


24 


1 21 




f. 


4 


4 


4 




4 


32 


1 52 














6 


a 40 


2 19 




a 


6 


7 


7 


1 


fi 


4S 


2 47 




III 


7 


9 


9 


1 


7 


5G 


3 15 




13 




10 


10 


3 




1 4 


3 43 






9 




12 


3 
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tabll; XXVIII. 
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Argument. Moon's True Longitude. 





m. 


IV, 


v. 




VII. 


^•111. 




ff> 


ir 


If 


If 


r 


a" 


}" 


nr 


la 


16 


14 


10 


6 


s 





la 
















13 






















-^ 


~ir 


XI. 


X. 








u. 


IX. 



„Googlc 



12 TABLE XXXI. 

BQCATIONS OF POLAR DISTANCK. 
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table xxxiv. 
moon's sbmibiambtbr. 

Akguuent. Equatoibl Parallax. 
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TABLE XXXV. 

iUGMBNTATION OF MOOn's SBMI- 
Apparent Altitude. 
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TABLE XXXVIII. 

moon's moduli motion in longitude. 
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UOON'b HOURLV motion in LONaiTD 
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TABLE XLIl. 
RLT MOTION IN LONOII 
T. Argument of thti Reiluction. 
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TABLE XLIV. 
hook's hourly motion in latit 
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18 TABLE XLT^PIiOPORTlONAL LOGARITHMS. 
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50 TABLE XLV^FROPORTIONAL LOGARITHMS. 
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TABLE XLV— PROPORTIONAL LOGARITHMS. 53 
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52 TABLE XLV.— PROPORTIONAL LOGARITHMS. 
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TABLES. 

SATELIJTES OE JUPITBB, 
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The followin; 
sources— the Ei 
pean publ: 



TABLE OF ASTEROLDS. 



tabular facts are fiom tiie most reliable 
tfliah Nautical Almanac and other Euro- 
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" We mada an effort to arrange these planets in the order of their 
distances from the aun, and we hare done so, as far as Hygeia Tke 
fdlowing ones were subsequent discoveries. Some future daj,when 
their elements will be better known, by more varied anil extended 
ahaervstions, a re- arrangement can be made. 
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